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ABSTRACT
Feed in g  t r i a l s  w ere  c o n d u c te d  w i t h  l a c t a t i n g  and n o n - l a c t a t l n g  
d a i r y  cows to  i n v e s t i g a t e  t h e  e f f e c t  o f  ad l i b i t u m  f e e d in g  o f  t h r e e  com­
p l e t e  r a t i o n s  and  a  c o n v e n t i o n a l  r a t i o n  ( c o n c e n t r a t e  and roughage  fed  
s e p a r a t e l y )  on t h e  rumen v o l a t i l e  f a t t y  a c i d s ,  m i lk  f a t t y  a c i d s  and 
d i g e s t i b i l i t y  o f  t h e  r a t i o n s .  Some economic a s p e c t s  were a l s o  c o n s i d e r e d .
The com ple te  r a t i o n s  fed  were  307, roughage  and 707. c o n c e n t r a t e ,  
w i t h  t h e  roughages  c o n s i s t i n g  o f  a l f a l f a  hay ( I I ) ,  c o t t o n s e e d  h u l l s  ( I I I ) ,  
o r  n a t i v e  g r a s s  hay ( IV) .  A l f a l f a  hay was used a s  th e  roughage (307,) 
s o u r c e  i n  th e  c o n t r o l  r a t i o n  ( I )  and a m i x t u r e  o f  ground y e l l o w  c o r n ,  
soybean  m e a l ,  c o t t o n s e e d  m ea l ,  u r e a ,  m o l a s s e s ,  v i t a m i n s  and m i n e r a l s  was 
used  as  t h e  c o n c e n t r a t e  p o r t i o n  o f  th e  e x p e r i m e n t a l  r a t i o n s .
S i x t e e n  h i g h  p r o d u c in g  H o l s t e i n  cows ( 2 6 . 6 - 3 2 . 8  kg m i l k / d a y )  were 
b lo ck ed  a c c o r d i n g  to  t h e i r  l e v e l  o f  p r o d u c t i o n ,  s t a g e  o f  l a c t a t i o n  and 
e s t i m a t e d  r e a l  p ro d u c in g  a b i l i t y ,  and randomly a s s i g n e d  to  th e  e x p e r i ­
m e n ta l  r a t i o n s .  The e x p e r i m e n t a l  d e s i g n  was a c o n t in u o u s  t r i a l  (120 days)  
randomized  b lo c k  d e s i g n  w i t h  a s p l i t - p l o t  i n  t ime ( p e r i o d  o f  10 d a y s ) . 
D i g e s t i b i l i t y  t r i a l s  were  c o n d u c te d  u s i n g  t h e  ch rom ic  o x id e  i n d i c a t o r  
method,  m i lk  f a t t y  a c i d s  were  a n a l y z e d ,  TDN r e q u i r e m e n t s  f o r  p r o d u c t i o n  
and r e t u r n s  above feed  c o s t  were  c a l c u l a t e d .
Four r u m e n - f i s t u l a t e d  n o n - l a c t a t i n g  d a i r y  cows were  randomly 
a s s i g n e d  t o  t h e  e x p e r i m e n t a l  r a t i o n s  and t h e  e x c r e t i o n  p a t t e r n s  o f  
chromic  o x i d e ,  e f f e c t s  o f  r a t i o n s  on th e  rumen v o l a t i l e  f a t t y  a c i d s  as a 
f u n c t i o n  o f  t ime (0 ,  2, 4 ,  and 6 h r  a f t e r  f e e d i n g )  and the  d i g e s t i b i l i t y  
o f  th e  r a t i o n s  by th e  t o t a l  c o l l e c t i o n  method were  d e te r m in e d .
viii
T r i a l s  w i t h  l a c t a t i n g  a n im a ls  r e v e a l e d  d i g e s t i b l e  e n e rg y  and TDN 
c o e f f i c i e n t s  o f  ( I )  71.5%, 57.4%; ( I I )  70.9%, 55.9%; ( I I I )  64.5%, 53.6%; 
and (IV) 62.27,, 52.5%, r e s p e c t i v e l y .  Therms o f  d i g e s t i b l e  energy  i n t a k e  
and kg TDN i n t a k e  were  found to  b e ,  ( I )  6 7 . 6 ,  1 2 .8 ;  ( I I )  6 9 . 9 ,  1 3 .3 ;  ( I I I )  
6 8 . 5 ,  1 4 .0 ;  and (IV) 5 9 . 2 ,  1 2 ,3 ,  r e s p e c t i v e l y .  No u n i fo r m  t r e n d s  co u ld  be 
o b s e r v e d  i n  th e  l e v e l s  o f  f a t t y  a c i d s  i n  t h e  m i lk  f a t .  The a v e r a g e  kg TDN/ 
kg 4% FCM f o r  th e  r a t i o n s  w e re ,  ( I )  0 . 4 1 ,  ( I I )  0 . 3 8 ,  ( I I I )  0 . 5 1 ,  and (IV) 
0 . 4 4 .  T r i a l s  w i t h  l a c t a t i n g  cows r e v e a l e d  t h a t  when ad l i b i t u m  f e e d i n g  o f  
c o m p le te  f e e d s  was p r a c t i c e d ,  th e  most  e f f i c i e n t  p r o d u c e r s  were  a t  the  
h i g h e r  l e v e l s  o f  p r o d u c t i o n .  D a i ly  feed  c o s t  and d a i l y  r e t u r n s  above feed  
c o s t  ($) were  found to  be ,  ( I )  1 .7 8 ,  1 .4 1 ;  ( I I )  1 .4 7 ,  1 .8 3 ;  ( I I I )  1 .7 3 ,
1 .2 2 ;  and (IV) 1 .3 6 ,  1 .1 1 ,  r e s p e c t i v e l y .
The e x c r e t i o n  p a t t e r n s  o f  chromium io n  by t h e  r u m e n - f i s t u l a t e d  cows 
showed c o n s i d e r a b l e  v a r i a t i o n .  Average r e c o v e r y  r a t e  o f  chromium io n  when 
g rab  samples  were  t a k e n  a t  0900 and 1900 was 94.47,, 102.2%, 98.9% and 99.77, 
f o r  th e  c o n t r o l ,  a l f a l f a ,  c o t t o n s e e d  h u l l s  and n a t i v e  g r a s s  hay r a t i o n s ,  
r e s p e c t i v e l y ,  w i th  an a v e r a g e  r e c o v e r y  r a t e  o f  98.87, f o r  a l l  r a t i o n s .  
D i g e s t i b l e  energy  and TDN c o e f f i c i e n t s  were  found to  be ,  ( I )  72.4%, 60.7%; 
( I I )  71.3%, 59.9%; ( I I I )  65.5%, 56.5%; and (IV) 67.2%, 55.1%, r e s p e c t i v e l y .  
T r i a l s  w i t h  r u m e n - f i s t u l a t e d  cows a l s o  i n d i c a t e d  t h a t  r a t i o n s  had an e f f e c t  
on th e  l e v e l s  o f  rumen a c e t a t e  ( P < 0 . 0 1 ) ,  p r o p i o n a t e  ( P < 0 . 0 5 ) ,  and b u t y r a t e  
(P *C 0 .01 ) ,  and i n f l u e n c e d  th e  l e v e l  o f  rumen a c e t a t e  ( P ^ O . O l )  a s  a f u n c t i o n  
o f  t ime a f t e r  f e e d i n g .  Rumen a c e t a t e  l e v e l s  d e c r e a s e d  2 h r  a f t e r  f e e d i n g  
f o r  a l l  r a t i o n s  and c o n t i n u e d  to  do so f o r  th e  c o n t r o l  and c o t t o n s e e d  h u l l s  
r a t i o n s ,  w h i l e  th e  a c e t a t e  l e v e l  i n c r e a s e d  f o r  th e  a l f a l f a  and n a t i v e  g r a s s  
hay r a t i o n s .
ix
INTRODUCTION
The b a s i c  t o o l  o f  the  d a i r y  i n d u s t r y  i s  the  cow and h e r  a b i l i t y  
to  p roduce  m i l k  e c o n o m i c a l ly  when p r o p e r l y  f e d .  N a t u r e ' s  most  n e a r l y  
p e r f e c t  f o o d ,  m i l k ,  and i t s  a b i l i t y  to  rem a in  s o ,  w i l l  depend upon peo p le  
engaged i n  the  d a i r y  i n d u s t r y  and t h e i r  a b i l i t y  to  u se  the  b a s i c  t o o l s  
a t  t h e i r  d i s p o s a l .
Improved b r e e d i n g ,  s e l e c t i o n ,  f e e d i n g ,  and management p r a c t i c e s  
have r e s u l t e d  i n  the  developm ent  o f  a d a i r y  a n im a l  which has  i n h e r i t e d  
the  p o t e n t i a l  t o  p roduce  a t  h ig h  l e v e l s  o f  p r o d u c t i o n .  Along w i t h  the  
deve lopm ent  o f  t h i s  i n h e r e n t  a b i l i t y  t o  p roduce  m i lk  t h e r e  has  been  a  
r e d u c t i o n  i n  the  number o f  farms w i t h  an i n c r e a s e  i n  he rd  s i z e ,  i n c r e a s e d  
s t o r a g e  and l a b o r  c o s t ,  and m e c h a n i z a t i o n  o f  the  d a i r y  farm. These d e ­
ve lopm en ts  have fo r c e d  the  d a i r y  fa rm er  t o  seek  new a p p ro a ch e s  i n  
f e e d in g  d a i r y  c a t t l e .
Renewed i n t e r e s t  has  been  d e v e l o p i n g  i n  th e  use  of com ple te  d a i r y  
r a t i o n s  f o r  d a i r y  cows. These com ple te  r a t i o n s  c o n t a i n  b o th  roughage 
and c o n c e n t r a t e  components  and a r e  t h e  o n ly  s o u rc e  o f  n u t r i e n t s  o t h e r  
th a n  w a t e r  and f r e e - c h o i c e  m i n e r a l s .  Th is  app ro ach  i s  an a t t e m p t  to  
c o r r e c t  some o f  th e  prob lems l i s t e d  above and to  p r o v i d e  the  d a i r y  cow 
w i t h  a c o n c e n t r a t e d  so u rc e  o f  e n e r g y  which  she can  consume in  a d eq u a te  
amounts to  p roduce  a t  h ig h  l e v e l s  and s t i l l  m a i n t a i n  m i lk  f a t  p e r  c e n t .
2As t n  any new a r e a  o f  i n t e r e s t ,  l i t t l e  i s  known and r e s e a r c h  i s  
needed to  d e t e r m i n e  th e  v a l u e  b o th  e c o n o m i c a l ly  and n u t r i t i o n a l l y  o f  a 
co tnp le te  r a t i o n  fed  to  l a c t a t i n g  d a i r y  cows.
Th is  s tu d y  was u n d e r t a k e n  i n  an a t t e m p t  t o  d e t e r m in e  t h e  v a l u e  
o f  com p le te  r a t i o n s  as  compared w i t h  a  c o n v e n t i o n a l l y  fed  r a t i o n  and 
t h e i r  e f f e c t s  on t h e  rumen v o l a t i l e  f a t t y  a c i d s  and m i lk  f a t t y  a c i d s .  
A lso ,  th e  economic a s p e c t s  o f  c o m p le te  r a t i o n s  were  e v a l u a t e d .
REVIEW OF LITERATURE
R esea rch  and sound management p r a c t i c e s  have i n d i c a t e d  t h a t  i n  
o r d e r  to  r e a l i z e  the  g e n e t i c  p o t e n t i a l  o f  d a i r y  a n im a l s  and p ro d u c e  mi lk  
e c o n o m i c a l ly ,  h ig h  l e v e l s  o f  c o n c e n t r a t e  need to  be f e d .  Where i n c r e a s e d  
l e v e l s  o f  c o n c e n t r a t e  have  been  u s e d ,  v a r i o u s  p rob lem s  have been  e n c o u n te r e d ,  
such  as  d i g e s t i b i l i t y ,  p r o d u c t i o n  r e q u i r e m e n t s ,  m i lk  f a t  d e p r e s s i o n  and 
economics  o f  com ple te  f e e d s .
Complete  R a t io n s
In  r e c e n t  y e a r s ,  th e  t r e n d  o f  f e e d i n g  h ig h  l e v e l s  o f  c o n c e n t r a t e  
and r e s t r i c t e d  roughage i n  com ple te  r a t i o n s  to  t h e  d a i r y  an im al  has  p r o ­
duced  f a v o r a b l e  r e s u l t s .  R esea rch  has  shown t h a t  t h e  f e e d i n g  o f  com ple te  
r a t i o n s  has  u s u a l l y  r e s u l t e d  i n  an i n c r e a s e  i n  m i l k  p r o d u c t i o n  and a 
change in  m i lk  c o m p o s i t i o n ,  p a r t i c u l a r l y  i n  d e c r e a s i n g  t h e  m i lk  f a t  p e r ­
c e n t  (6 ,  9, 25,  58,  6 8 ) .  Th is  i n c r e a s e d  m i lk  p r o d u c t i o n  has  been  due 
p r i m a r i l y  to  g r e a t e r  energy  i n t a k e ,  thus  p e r m i t t i n g  a g r e a t e r  e x p r e s s i o n  
o f  t h e  i n h e r e n t  a b i l i t y  o f  th e  cow to  p r o d u c e  m i lk  (58,  59,  7 0 ) .  A lso ,  
th e  p h y s i c a l  form o f  the  r a t i o n  f e d ,  such  as  roughage  i n  a f i n e l y  ground 
s t a t e ,  and p e l l e t i n g  ( c o n c e n t r a t e  o r  e n t i r e  r a t i o n )  have been  r e p o r t e d  
to  d e c r e a s e  t h e  m i lk  f a t  c o n t e n t  m arked ly  (9 ,  12,  13,  16, 30,  4 9 ,  50 ) .
S e v e r a l  r e s e a r c h  w orkers  (38 ,  41 ,  67,  70) have  found t h a t  i n  o r d e r  to  
m a i n t a i n  f a t  c o n t e n t  a t  l e a s t  30% o f  a c o m p le te  r a t i o n  s h o u ld  c o n s i s t  
o f  roughage .
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4Many d i f f e r e n t  s o u r c e s  o f  roughage  ( a l f a l f a ,  hay ,  c o t t o n s e e d  
h u l l s  (CSH), c o r n  c o b s ,  n a t i v e  g r a s s  h a y )h av e  been  used  i n  com ple te  
f e e d s  w i t h  good r e s u l t s ,  b u t  t h e r e  I s  d i s a g r e e m e n t  as to  w h e th e r  t h e s e  
can  m a i n t a i n  m i lk  f a t  p e r c e n t a g e .
D i g e s t i b i l i t y  of  Complete  R a t io n s
Many methods such  as  f e c a l  m e thoxyl  g ro u p s ,  f e c a l  n i t r o g e n  and 
f o r a g e  p r o t e i n ,  l i g n i n ,  and i n t e r n a l  and e x t e r n a l  i n d i c a t o r s  have  been  
used  to  d e t e r m in e  d i g e s t i b i l i t y  o f  a r a t i o n .  Chromic o x i d e ,  an  e x t e r n a l  
i n d i c a t o r ,  has  been  used  s u c c e s s f u l l y  as an a i d  i n  d e t e r m i n i n g  d i g e s t i ­
b i l i t y ,  b u t  v a r i o u s  p rob lem s  have been e n c o u n t e r e d ,  such  as  e x c r e t i o n  
p a t t e r n s .  Bloom e t  a l . (11) found when u s i n g  chromic  o x id e  a s  an  i n d i c a t o r ,  
th e  d i u r n a l  e x c r e t i o n  v a r i e d  w i t h  d i f f e r e n t  r a t i o s  o f  hay to  c o n c e n t r a t e s .  
Th is  would i n d i c a t e  t h a t  t h e  d i u r n a l  e x c r e t i o n  p a t t e r n  s h o u ld  be e s t a b ­
l i s h e d  f o r  each r a t i o n .  R ese a rch  by King and Moore (31) has  i n d i c a t e d  
t h a t  th e  l a r g e r  th e  p a r t i c l e  s i z e ,  th e  s lo w e r  t h e  r a t e  o f  p a s s a g e  and 
a l s o  t h a t  f i b r o u s  m a t e r i a l  would a f f e c t  th e  shape  o f  th e  d i u r n a l  e x c r e t i o n  
c u r v e .  Smith and Reid (63) found t h a t  f e c e s  samples  t a k e n  a t  0600 and 
1600 would g iv e  a  more a c c u r a t e  mean r a t e  o f  r e c o v e r y  o f  chromic  ox id e  
(1 00 .58  + 0.877,,) than  any o t h e r  t ime o f  s am p l in g .  In  a s tu d y  o f  the  
e x c r e t i o n  p a t t e r n  o f  chromic  o x id e  by cows fed  a com ple te  f e e d ,  McCoy 
e t  a l . (42) were  a b l e  to  d e m o n s t r a t e  t h a t  th e  most a c c u r a t e  mean r a t e  of  
r e c o v e r y  o f  chromic  o x id e  (101.9%) was o b t a i n e d  when g r a b  sam ples  were 
ta k en  a t  0800 and 1900.
The e f f e c t  o f  c o n c e n t r a t e  l e v e l  on r a t i o n  d i g e s t i b i l i t y  has  benn 
s t u d i e d  by a number o f  r e s e a r c h  w o r k e r s .  D i g e s t i b i l i t y  o f  r a t i o n s
c o n t a i n i n g  80, 60,  and 407= d ry  m a t t e r  from r o u g h a g e s ,  and th e  r e m a in d e r  
from c o n c e n t r a t e s  has  been  s t u d i e d  by Putnam and L o o s l i  ( 5 4 ) .  Using  
the  t o t a l  c o l l e c t i o n  t e c h n i q u e ,  they  found th e  a p p a r e n t  d i g e s t i b i l i t y  
c o e f f i c i e n t s  o f  t h e  d ry  m a t t e r ,  (6 8 .6  - 65.27=) c ru d e  p r o t e i n  (7 2 .4  - 69.87.,), 
e t h e r  e x t r a c t  ( 7 7 .0  -  60.97=), and n i t r o g e n - f r e e  e x t r a c t  (7 4 .8  - 70.57=) 
d e c r e a s e d  a s  th e  p r o p o r t i o n  o f  roughage  i n  t h e  r a t i o n  i n c r e a s e d  and 
t h a t  t h e  c r u d e  f i b e r  (5 1 .9  - 59.67=) d i g e s t i b i l i t y  i n c r e a s e d .  These 
f i n d i n g s  a r e  i n  ag reem en t  w i t h  o t h e r  r e s e a r c h  w o rk e r s  (11,  17, 37 ) ,  
however,  t h e y  have  r e p o r t e d  a wide  ran g e  i n  d e g re e  o f  d e p r e s s i o n  o f  
a p p a r e n t  d i g e s t i b i l i t y  c o e f f i c i e n t  f o r  f i b e r .
Complete  f e e d s  c o n t a i n i n g  307= roughage and 707= c o n c e n t r a t e  have  
been  fed  ad l i b i t u m  to  l a c t a t i n g  d a i r y  cows (41 ,  67,  70) w i t h o u t  a d e ­
p r e s s i o n  in  t h e  m i lk  f a t  p e r c e n t a g e .  McCoy e t  a l ■ (42) s t u d i e d  the  
d i g e s t i b i l i t y  o f  t h r e e  c o m p le te  f e e d s  fed  ad l i b i t u m  to  l a c t a t i n g  d a i r y  
cows i n  a L a t i n - s q u a r e  c h a n g e - o v e r  d e s i g n  e x p e r im e n t .  The c o e f f i c i e n t s  
o f  a p p a r e n t  d i g e s t i b i l i t y  (chromic  o x id e  i n d i c a t o r  method) f o r  d ry  m a t t e r  
(DM), c ru d e  p r o t e i n  (CP),  e t h e r  e x t r a c t  (EE),  and n i t r o g e n - f r e e  e x t r a c t  
(NFE) were  found to  be s i m i l a r  f o r  th e  com ple te  f e e d s  i n  which th e  
roughage  s o u r c e s  were  ground a i f a l f a - o r c h a r d  g r a s s  hay ,  co rn  cobs and 
CSH. However,  t h e  d i g e s t i o n  c o e f f i c i e n t s  f o r  c ru d e  f i b e r  (CF) were  d i f ­
f e r e n t ,  w i t h  t h e  hay com ple te  f eed  b e in g  th e  h i g h e s t  (487=) and CSH com­
p l e t e  feed  (257=) b e in g  t h e  l o w e s t .
Vi 1l a v i c e n c i o  and R uso f f  (71) used  sheep  to d e t e r m in e  th e  d i g e s t i ­
b i l i t y  o f  com ple te  r a t i o n s  f o r  d a i r y  c a t t l e  which c o n t a i n e d  a 307= roughage 
so u r c e  c o n s i s t i n g  o f  a l f a l f a  hay ( IX ) ,  CSH ( I I I )  o r  n a t i v e  g r a s s  hay ( IV ) ,  
were compared to  a c o n t r o l  ( I )  r a t i o n  o f  a l f a l f a  hay and c o n c e n t r a t e  fed
6s e p a r a t e l y .  S i g n i f i c a n t  d i f f e r e n c e s  ( P ^ O . O l )  were  found be tween the  d i ­
g e s t i o n  c o e f f i c i e n t s  f o r  DM ( I ,  7 2 .9 ;  I I ,  7 1 .0 ;  I I I ,  6 2 .8 ;  IV, 6 3 , 8 ) ,
CP ( I ,  6 8 .0 ;  I I ,  6 7 .0 ;  I I I ,  6 3 .0 ;  IV, 6 4 . 0 ) ,  NFE ( I ,  8 4 .0 ;  I I ,  8 3 .0 ;
I I I ,  7 4 .0 ;  IV, 7 1 . 0 ) ,  CF ( I ,  3 5 .0 ;  I I ,  3 1 .0 ;  I I I ,  2 8 .0 ;  IV, 4 0 . 0 ) ,  and 
TDN ( I ,  6 3 .0 ;  I I ,  6 1 .0 ;  I I I ,  5 5 .5 ;  IV, 5 7 . 0 ) .  These  d i g e s t i o n  c o e f f i c i e n t s  
a r e  lower than  th o s e  o b t a i n e d  by Kromkris  e t  a l . (33) and Putnam and 
L o o s l i  ( 5 4 ) ,  and s i m i l a r  to  t h o s e  o f  L o v e l l  and R uso f f  (3 9 ) ,  Bloom e t  a l .
(11) and McCoy e t  a l . ( 4 2 ) .
P r e s e n t l y  t h e r e  i s  v e r y  l i m i t e d  i n f o r m a t i o n  on the  d i g e s t i b i l i t y  
o f  c o m p l e t e l y  mixed r a t i o n s ,  a l t h o u g h  i t  does  a p p e a r  t h a t  th e  d i g e s t i ­
b i l i t y  o f  t h e s e  r a t i o n s  w i l l  be s i m i l a r  to  c o n v e n t i o n a l  r a t i o n s  fed a t  the  
same h igh  l e v e l .
V o l a t i l e  F a t t y  Acids  (VFA) in  t h e  Rumen
Research  work by numerous w o rk e rs  (3 ,  5, 15, 18,  26,  29,  30,  68) 
have shown t h a t  m i lk  f a t  p e r c e n t a g e  can  be s e v e r e l y  d e p r e s s e d  by f e e d in g  
r e s t r i c t e d  roughage .  J o r g e n s e n  and S c h u l t z  (27) have l i s t e d  th e  f o l l o w i n g  
p r o c e d u r e s  t h a t  t e n d  to d e p r e s s  m i lk  f a t  p e r c e n t a g e :  f i n e  g r i n d i n g  of 
roughage ,  p e l l e t i n g  the  c o n c e n t r a t e  o r  t h e  ro u g h ag e ,  and r e s t r i c t i n g  the  
roughage w h i l e  f e e d i n g  h igh  l e v e l s  o f  c o n c e n t r a t e s .  They a l s o  l i s t e d  th e  
b io c h e m ic a l  changes  t h a t  o c c u r  i n  t h e  rumen a s :  a d e c r e a s e  i n  the  p r o p o r ­
t i o n  o f  rumen a c e t i c  a c i d ,  and i n c r e a s e  i n  the  p r o p o r t i o n  o f  rumen p r o p i o n i c  
a c i d ,  a r ed u ced  r a t i o  o f  a c e t a t e  t o  p r o p i o n a t e  a s  a r e s u l t  o f  the  two 
p r e v i o u s  c h an g e s ,  and a lowered  rumen pH.
In 1963, Van S o e s t  (68) rev iew ed  th e  t h e o r i e s  p roposed  as  e x p l a n a ­
t i o n s  f o r  t h i s  phenomenon. The f i r s t  t h e o r y  i n v o l v e s  a d e f i c i e n c y  o f
rumen a c e t i c  a c i d .  There  i s  good e v id e n c e  t h a t  d i e t s  which cau se  a r e ­
d u c t i o n  i n  m i lk  f a t  p e r c e n t a g e  a l s o  t e n d  to  na r row  t h e  a c e t a t e  to p r o ­
p i o n a t e  r a t i o  found i n  t h e  rumen (9 ,  23,  24,  30,  5 6 ) .  Work by Spahr  e t  a l . 
(64) has  i n d i c a t e d  t h a t  no a d v a n ta g e  c o u ld  be o b t a i n e d  by f e e d in g  a r a t i o n  
which c o n t a i n e d  l e s s  t h a n  16% c ru d e  f i b e r .  V a r i a b l e  r e s u l t s  have  been  
o b t a i n e d  by f e e d i n g  a c e t a t e  s a l t s  o r  a c e t i c  a c i d  to  cows w i t h  low f a t  
p e r c e n t a g e s  (29,  34,  40 ,  6 0 ) ,  b u t  t h e  e x i s t a n c e  o f  a r e a l  a c e t a t e  d e ­
f i c i e n c y  has  a l s o  been  q u e s t i o n e d  ( 6 8 ) .  The second  th e o r y  i n v o l v e s  a 
r e d u c t i o n  i n  t h e  b lood  c o n c e n t r a t i o n  o f  b e t a - h y d r o x y b u t y r i c  a c i d  (BHBA). 
Shaw (62) has  d e m o n s t r a t e d  t h a t  BHBA i s  an  e s s e n t i a l  p r e c u r s o r  o f  th e  
s h o r t - c h a i n  f a t t y  a c i d s  i n  m i lk  f a t  and Kumar e t  a l ■ (34) were  a b l e  to  
d e m o n s t r a t e  th e  u t i l i z a t i o n  o f  BHBA by th e  rum inan t  mammary g l a n d  and the  
k e t o g e n i c  a c t i v i t y  o f  b u t y r i c  a c i d .  The a n t i k e t o g e n i c  a c t i v i t y  o f  p r o p i o n i  
a c i d  has  a l s o  been  d e m o n s t r a t e d  (6 1 ) .  The t h i r d  th e o r y  i n v o l v e s  t h e  endo­
c r i n e  ( p a n c r e a s ,  a n t e r i o r  p i t u i t a r y )  c o n t r o l  o f  f a t  m o b i l i z a t i o n .  I t  has  
been  s u g g e s t e d  by McClymont (44)  t h a t  i n c r e a s e d  b lood  g l u c o s e  l e v e l s  
s u p p r e s s  th e  l i b e r a t i o n  o f  f r e e  f a t t y  a c i d s  (FFA) by a d ip o s e  t i s s u e ,  thus  
r e d u c i n g  th e  p lasm a  l i p i d s  a v a i l a b l e  f o r  m i lk  f a t  s y n t h e s i s .
Most r e s e a r c h  w o rk e rs  a r e  i n  ag reem en t  as  to t h e  e f f e c t  o f  r e ­
s t r i c t e d  roughage  f e e d i n g  on th e  VFA found i n  th e  rumen, b u t  t h e r e  i s  ve ry  
l i t t l e  ag reem en t  as  to  t h e  d i f f e r e n t  c a u s e s  and what s t e p s  c o u ld  be tak en
to  make c o r r e c t i o n s  i n  t h e  d e p r e s s i o n  o f  m i lk  f a t .
F a t t y  Acids  ofi Milk  Fa t
Due to  i t s  p r a c t i c a l  im p o r tan c e  and academic  < h a l l e n g e ,  th e  p roblem 
o f  m i lk  f a t  d e p r e s s i o n  c au sed  by r e s t r i c t e d  roughage  f e e d in g  w i th  l a r g e
amounts  o f  c o n c e n t r a t e s ,  has  r e c e i v e d  much a t t e n t i o n  i n  th e  l a s t  two decade
B es id e s  th e  t h e o r i e s  rev iew ed  by Van S o e s t  (68) to  e x p l a i n  t h e  m e ta ­
b o l i c  e v e n t s  in v o lv e d  i n  t h e  r e d u c t i o n  o f  m i lk  f a t  s y n t h e s i s ,  i t  i s  known 
a l s o  t h a t  the  two s o u rc e s  o f  m i lk  f a t t y  a c i d s ,  de novo s y n t h e s i s  i n  the  
u d d e r  and b lo o d  l i p i d s ,  each  g i v e  r i s e  to  d i f f e r e n t  f a t t y  a c i d s  i n  the  
m i lk  f a t .  The l o w e r - c h a i n  f a t t y  a c i d s  ( C C - 1 0 )  a r e  s y n t h e s i z e d  i n  th e  udder  
and t h e  l o n g e r  c h a i n  f a t t y  a c i d s  ( O l O )  a r e  d e r i v e d  from th e  b lo o d  l i p i d s ,  
whereas  t h o s e  o f  medium c h a i n  l e n g t h  may a r i s e  from b o th  s o u r c e s  (4 ,  20, 51) 
T h e r e f o r e ,  i t  s h o u ld  be e x p e c t e d  t h a t  i f  m i lk  f a t  d e p r e s s i o n  o c c u r r e d  as  a 
r e s u l t  o f  a  r e d u c t i o n  i n  any o f  t h e s e  p r e c u r s o r s  o f  m i lk  f a t t y  a c i d s ,  a 
c o r r e s p o n d i n g  change would o c c u r  i n  t h e  m i lk  f a t t y  a c i d s  and become m an i­
f e s t e d  i n  th e  m i lk  f a t .
W isc o n s in  w orkers  (29) have shown t h a t  when m i lk  f a t - d e p r e s s i n g  d i e t s  
were compared to  c o n v e n t i o n a l  r a t i o n s ,  t h e r e  were  d e c r e a s e s  i n  the  s h o r t -  
c h a i n  a s  w e l l  a s  the  p a l m i t i c  and s t e a r i c  a c i d  components ,  and i n c r e a s e s  
i n  t h e  u n s a t u r a t e d  f a t t y  a c i d  components o f  t h e  m i lk  f a t .  C a l i f o r n i a  
w o rk e rs  (51) r e p o r t e d  s i m i l a r  f i n d i n g s  when they  compared ad l i b i t u m  f e e d ­
in g  of o n ly  a l f a l f a  hay o r  g r a i n ,  b u t  th e y  found t h a t  th e  m a g n i tu d es  of 
th e  d e c r e a s e s  were  c o n s i d e r a b l y  l e s s  f o r  t h e  lower  and u n s a t u r a t e d  a c i d s  
th a n  f o r  the  h i g h e r  s a t u r a t e d  f a t t y  a c i d s .  They a l s o  found i n c r e a s e d  
o u t p u t s  o f  c e r t a i n  u n s a t u r a t e d  and odd-numbered f a t t y  a c i d s .  Kunsman and 
Keeney (35) o f  Maryland a l s o  n o te d  a d e c r e a s e  i n  s a t u r a t e d  and an i n c r e a s e  
in  th e  u n s a t u r a t e d  f a t t y  a c i d s  o f  m i lk  f a t  p roduced  by cows on a d a i l y  
d i e t  o f  3 lb  o f  hay p l u s  g r a i n  i n  ad l i b i t u m  q u a n t i t i e s .
D e s p i t e  c o n s i d e r a b l e  r e s e a r c h  t h e r e  a r e  c o n f l i c t i n g  d a t a  as  to  the  
e x a c t  c au se  o f  m i lk  f a t  d e p r e s s i o n  when r e s t r i c t e d  roughage  i s  fed  and what 
means can  be u sed  to c o r r e c t  t h i s  d e p r e s s i o n .
9Economics ( r e t u r n s  above fe e d  c o s t s )  o f  Comple te  Feeds
I n  1966, L e ig h to n  (38)  r e p o r t e d  on a n  economic s tu d y  o f  ad l i b i t u m  
f e e d i n g  t r i a l s  w i t h  c o m p le te  d a i r y  r a t i o n s  c o n s i s t i n g  o f  307. a l f a l f a  hay ,  
chopped o r  g round ,  and 70%, g round  sorghum g r a i n .  The c o n t r o l  r a t i o n  con­
s i s t e d  o f  a l f a l f a  h ay ,  ad l i b i t u m  and l i b e r a l  a l l o w a n c e s  o f  a  167. p r o t e i n  
c o n c e n t r a t e  m i x t u r e .  The d a i l y  f a t  c o r r e c t e d  m i l k  (FCM) f o r  t h e  a l f a l f a  
hay ( c h o p p e d ) ,  a l f a l f a  hay (g round)  and c o n t r o l  r a t i o n s  were  3 4 .0 4 ,  3 2 .8 0 ,  
and 31.37 l b  p e r  day ,  r e s p e c t i v e l y ,  and t h e  d a i l y  f e e d  c o s t s  were  $ 0 .8 3 ,  
$ 0 .7 9 ,  and $ 0 .7 7 ,  r e s p e c t i v e l y .  D a i ly  r e t u r n s  above f e e d  c o s t s  were  $ 1 .4 5 ,
$ 1 .4 6 ,  and $ 1 .4 2 ,  r e s p e c t i v e l y ,  f o r  t h e  above r a t i o n s .
An economic s tu d y  o f  d a i r y  fa rms i n  G e o rg ia  which were  f e e d i n g  a 
c o m p le te  f e e d  c o n t a i n i n g  60% c o n c e n t r a t e  and 40% roughage  was c o n d u c te d  by 
Welch e t  a l . ( 7 4 ) .  A s h a r p  i n c r e a s e  i n  m i l k  p r o d u c t i o n  and a  lo w e r in g  o f  
m i lk  f a t  was found i n  one h e r d ,  w h i l e  a n o t h e r  h e r d  o f  q u e s t i o n a b l e  p r o d u c ­
ing  c a p a c i t y  f a i l e d  to  i n c r e a s e  i n  p r o d u c t i o n .  They found t h a t  v i r t u a l l y  
a l l  cows and h e i f e r s  p l a c e d  on t h i s  f e e d i n g  p rogram  a t  l e a s t  15 days  p r i o r  
to  f r e s h e n i n g  r e sp o n d ed  f a v o r a b l y  w i t h  h ig h  m i lk  p r o d u c t i o n  and a b se n c e  of  
e x c e s s  body f a t ;  w h i l e  cows p l a c e d  on such  f e e d i n g  sys tem s  l a t e  i n  l a c t a ­
t i o n  u s u a l l y  d i d  n o t  re sp o n d  w i t h  h i g h e r  m i lk  y i e l d ,  b u t  w i t h  g a in s  in  
body w e i g h t .
Ward (72) r e p o r t e d  t h a t  when cows were  fed  a c o m p le te  fe ed  (40% 
roughage)  as  compared to  a c o n v e n t i o n a l  f o r a g e  and c o n c e n t r a t e  r a t i o n  t h e r e  
were  no a p p r e c i a b l e  d i f f e r e n c e s  i n  m i lk  f a t  t e s t  and t h e  cows on t h e  com­
p l e t e  r a t i o n  seemed to  be p r o d u c i n g  a t  a somewhat h i g h e r  l e v e l .
L e ig h to n  (38) r e p o r t e d  t h a t  one  da i rym an  i n  c e n t r a l  Texas had f a v o r ­
a b l e  r e s u l t s  a f t e r  one y e a r  o f  ad l i b i t u m  f e e d i n g  com ple te  f e e d s  to  h i s  
cows (p r o d u c in g  above 15 .9  kg m i lk  p e r  day)  a f t e r  s w i t c h i n g  from a conven­
t i o n a l  r a t i o n .  The c o m p le te  f e e d  c o n s i s t e d  o f  307. p e a n u t  h u l l s ,  507= ground 
m i l o ,  107. commercia l  p r o t e i n  c o n c e n t r a t e  and 107. c o t t o n s e e d  m ea l .
L e ig h to n  (38) recommended to  da i rym en  i n t e r e s t e d  i n  a d o p t i n g  ad 
l i b i t u m  f e e d i n g  o f  c o m p le te  f eed s  t o  d i v i d e  t h e i r  m i l k i n g  h e r d ,  p l a c i n g  
o n ly  t h e  h i g h e r  p r o d u c i n g  cows on f u l l  f e e d ;  H o l s t e i n s  p r o d u c i n g  above 50 lb 
and J e r s e y s  p r o d u c i n g  above 30 lb  o f  m i lk  p e r  day .  The lower  p ro d u c in g  
cows may be fed  th e  same f e e d ,  b u t  on a r e s t r i c t e d  b a s i s  o r  roughage  f r e e -  
c h o i c e  and  a d d i t i o n a l  c o n c e n t r a t e s  i n  t h e  m i l k i n g  b a r n .
To d a t e  i t  does  a p p e a r  t h a t  t h e r e  a r e  a number o f  commercia l  farms 
f e e d i n g  c o m p le te  f e e d s  and a number o f  Feed M a n u f a c tu re r s  c o n d u c t i n g  r e ­
s e a r c h  i n  t h i s  a r e a ,  b u t  a t  t h e  same time t h e r e  i s  v e r y  l i t t l e  i n f o r m a t i o n  
as to  t h e  r e t u r n s  above fe e d  c o s t  f o r  c o m p le te  f e e d s .  In  th e  f i n a l  a n a l y s i s  
th e  economic a s p e c t s  o f  ad l i b i t u m  f e e d i n g  to  d a i r y  cows a r e  o f  p r im a ry  
c o n c e r n ,  and th e  r e l a t i v e  f e e d  and m i l k  p r i c e s  i n  a s p e c i f i c  a r e a  a r e  o f  
m a jo r  c o n c e r n  i n  any c o n s i d e r a t i o n .
EXPERIMENTAL METHODS
S ta te m e n t  o f  t h e  Prob lem
P r e s e n t  i n f o r m a t i o n  i n d i c a t e s  t h a t  ad l i b i t u m  f e e d i n g  o f  c o n c e n t r a t e s  
i s  n o t  p r a c t i c a l ,  so o t h e r  f e e d i n g  p r a c t i c e s  must  be  used  t o  s u p p ly  the  
n u t r i e n t s  needed  f o r  h ig h  p r o d u c t i o n  and s t i l l  m a i n t a i n  a d e q u a te  f a t  p e r ­
c e n t a g e .  A lso ,  i t  a p p e a r s  t h a t  some minimum l e v e l  o f  roughage  o r  c ru d e  
f i b e r  i s  n e c e s s a r y  t o  p r e v e n t  m i lk  f a t  d e p r e s s i o n .  In  o r d e r  to  r e a l i z e  
t h e  g e n e t i c  p o t e n t i a l  o f  d a i r y  cows, m a i n t a i n  a d e q u a te  f a t  p e r c e n t a g e s  and 
overcome th e  i n c r e a s e d  c o s t  o f  l a b o r ,  roughage ,  and s t o r a g e  s p a c e ,  t h e r e  
has  been  renewed i n t e r e s t  i n  com ple te  r a t i o n s  and t h e i r  e f f e c t  on m i lk  
p r o d u c t i o n  and c o m p o s i t io n .
The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  a r e :  a) to  compare t h e  d i g e s t ­
i b i l i t y  o f  c o m p le te  r a t i o n s  a s  d e te r m in e d  by d i g e s t i b i l i t y  t r i a l s  co n d u c te d  
w i t h  f i s t u l a t e d  n o n - l a c t a t i n g  d a i r y  cows and l a c t a t i n g  cows, b) to  d e te r m in e  
th e  e f f e c t  o f  c o m p le te  r a t i o n s  on t h e  f a t t y  a c i d s  (C-2 ,  C-3 ,  C-4) found in  
th e  rumen and on t h e  f a t t y  a c i d s  i n  t h e  m i lk  f a t  (C-12 to  C - 1 8 : 3 ) ,  and c) 
to  d e t e r m in e  th e  economics o f  t h e  com ple te  r a t i o n s  u sed .
R a t io n s  Used
The e x p e r i m e n t a l  com ple te  r a t i o n s  were  f o r m u la t e d  by u s i n g  one o f  
t h r e e  roughages  ( a l f a l f a  hay o r  n a t i v e  g r a s s  hay chopped to  a p p r o x i m a t e ­
ly  2 .5  cm l o n g ,  o r  c o t t o n s e e d  h u l l s  (CSH) as  30% o f  each  r a t i o n .  Com­
p l e t e  r a t i o n s  were  compared to  t h e  c o n t r o l  r a t i o n  in  which a l f a l f a  hay 
( lo n g  stem) was fed s e p a r a t e l y  from th e  c o n c e n t r a t e  p o r t i o n  a t  th e  same
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ro u g h a g e  - c o n c e n t r a t e  r a t i o  o f  3 0 : 7 0 .  The i n g r e d i e n t s  and  c o m p o s i t i o n  o f  
t h e  e x p e r i m e n t a l  r a t i o n s  c a n  be  found i n  T a b le  1.
A ss ig n m e n t  o f  Animals
F i s t u l a t e d  A n i m a l s : Four  r u m e n - f i s t u l a t e d  a n i m a l s  (2 J e r s e y s  and
2 H o l s t e i n s )  w ere  u s e d  to  d e t e r m i n e  d i g e s t i b i l i t y  o f  t h e  e x p e r i m e n t a l  
r a t i o n s .  They w ere  f i r s t  p l a c e d  on a  1 0 -d ay  s t a n d a r d i z a t i o n  p e r i o d  w here  
t h e y  w e re  f e d  t h e  c o n t r o l  r a t i o n s  ( a l f a l f a  hay  - l o n g  and c o n c e n t r a t e s  
s e p a r a t e l y ) .  At t h e  end o f  t h e  s t a n d a r d i z a t i o n  p e r i o d  t h e y  w e re  randomly 
a s s i g n e d  t o  t h e  e x p e r i m e n t a l  r a t i o n s .
L a c t a t i n g  A n i m a l s : S i x t e e n  H o l s t e i n  cows h a v i n g  a t  l e a s t  one p r e ­
v i o u s  l a c t a t i o n  r e c o r d  and  had  b e e n  i n  p r o d u c t i o n  f o r  a t  l e a s t  50 days  
w e re  s e l e c t e d  from t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  d a i r y  h e r d .  ( T a b le  2 ) .
Cows were  b l o c k e d  ( T a b le  2) i n  g ro u p s  o f  f o u r  a c c o r d i n g  to  s t a g e  o f  l a c t a ­
t i o n ,  e x p e c t e d  305 2X M . E . , and e s t i m a t e d  r e a l  p r o d u c i n g  a b i l i t y  (ERPA).
Four  cows i n  eac h  b l o c k  w e re  t h e n  random ly  a s s i g n e d  to  t h e  f o u r  e x p e r i ­
m e n t a l  r a t i o n s .  The f i r s t  two b l o c k s  (8 a n i m a l s )  became a v a i l a b l e  
J a n u a r y  1,  1967 and  t h e  s e c o n d  two b l o c k s  on J a n u a r y  20 ,  1967.
D u r a t i o n  o f  t h e  E x p e r im e n t
F i s t u l a t e d  A n i m a l s : ‘ The d u r a t i o n  o f  t h e  d i g e s t i b i l i t y  t r i a l  was 
two t e n - d a y  p e r i o d s ,  t h e  f i r s t  t e n  days  b e i n g  t h e  s t a n d a r d i z a t i o n  p e r i o d .
At t h e  end o f  s t a n d a r d i z a t i o n  p e r i o d  t h e  f o u r  a n i m a l s  w e re  random ly  
a s s i g n e d  to  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .
L a c t a t i n g  A n i m a l s : The d u r a t i o n  o f  t h e  f e e d i n g  e x p e r i m e n t  was 12
p e r i o d s  o f  t e n  d ay s  e a c h ,  t h e  f i r s t  p e r i o d  b e i n g  t h e  s t a n d a r d i z a t i o n  p e r i o d ,
13
TABLE 1
I n g r e d i e n t s  and C om pos i t ion  o f E x p e r im e n ta l R a t io n s
R a t io n s
I n g r e d i e n t
1 I I  
C o n t r o l  A l f a l f a
I I I  IV 
CSH N a t i v e  G rass
P e r Cent  - -
Soybean o i l  meal  (44%) 5 5 9 10
C o t t o n s e e d  meal  (41%) 4 4 9 9
Ground y e l l o w  c o r n 47 47 38 37
M o lasses  ( cane) 10 10 10 10
Urea  (42%) 1 1 1 1
A l f a l f a  hay ( l o n g ) 30 - - -
A l f a l f a  hay (chopped to  2 .5 cm) 30 - -
C o t t o n s e e d  h u l l s - - 30 -
N a t i v e  g r a s s  hay  (chopped  to> 2 , 5  cm) - - 30
Steamed bonemeal 2 2 2 2
S a l t 1 1 1 1
V itam in  A ( 1 0 ,0 0 0  IU/g) 
and
V i ta m in  D ( 5 ,0 0 0  IU /g) — -
220 g / t o n  - -
TABLE 2
P r e v io u s  H i s t o r y ,  P r e - e x p e r i m e n t a l  Data  and A ss igned  T rea tm en t
o f  t h e  E x p e r im e n ta l  Animals
R a t i o n 3 Block*1
Cow
No.
Age No. o f  
Records
Days i n  
L a c t a t i o n
P r o d u c t i o n  
to  d a t e
(k£)
Expec ted  305c 
2X M. E. 
(kg)Y ears  Month
1 636 4 - -  10 2 84 2516 6712
T 2 479 9 — 0 4 96 2628 61651 3 632 5 - -  0 2 58 1806 7178
4 567 6 - -  11 4 76 2285 6808
1 562 7 - -  0 3 60 1827 6833
T T 2 679 4 - -  0 1 63 1772 648611 3 623 5 — 3 2 68 2089 7054
4 667 4 — 4 2 52 1614 7287
1 699 3 — 2 1 111 3272 7673
2 656 4 — 5 2 58 1383 5278
I I I 3 634 4 - -  11 2 71 2107 6922
4 650 4 - -  7 1 53 1575 6848
1 588 6 - -  3 2 92 3272 7821
2 649 4 - -  6 1 109 2380 5086
IV 3 631 5 - -  0 2 66 2159 7506
4 696 3 - -  6 1 73 1716 5957
a I  * A l f a l f a  hay long  s tem fed  s e p a r a t e  from c o n c e n t r a t e ;  I I  * 30%, a l f a l f a  hay chopped to  
2 .5  cms, and 70% c o n c e n t r a t e ;  I I I  * 30% c o t t o n s e e d  h u l l s  and 70% c o n c e n t r a t e ;  IV * 307. 
n a t i v e  g r a s s  hay and  707° c o n c e n t r a t e .
^Animals were  a s s i g n e d  to  b lo c k s  on J a n .  10, 1967 f o r  b lo c k s  1 and 2, and J a n .  30,  1967 
f o r  b l o c k s  3 and 4 .
c Expec ted  305 was c a l c u l a t e d  a f t e r  a n im a ls  had been  on s t a n d a r d i z a t i o n  p e r i o d  (10 d a y ) ,  
J a n .  10,  1967 f o r  b lo c k s  1 and 2, and J a n .  30,  1967 f o r  b lo c k s  3 and 4 .
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a n im a l s  were  a s s i g n e d  to  t h e i r  r e s p e c t i v e  r a t i o n  a c c o r d i n g  to  s t a n d a r d  
p r o c e d u r e s  (65) and each  an im a l  remained  on i t s  r a t i o n  f o r  th e  r em a in d e r  
o f  th e  s tu d y .
Feed ing  and Care  o f  th e  Animals
Management: The f i s t u l a t e d  cows were  k e p t  i n  i n d i v i d u a l  s t a n c h i o n s  
u n d e r  one end o f  open on s t a n c h i o n  b a r n  where  i n d i v i d u a l  mangers  and 
w a t e r  cups  were  p r o v i d e d .  Sugar cane  b a g a s s e  was u sed  f o r  b edd ing  and 
was r e p l a c e d  a s  needed .
The l a c t a t i n g  cows were k e p t  i n  i n d i v i d u a l  f r e e  s t a l l s  u n d e r  an open 
b a r n  where  i n d i v i d u a l  mangers and w a t e r  cups  were  p r o v i d e d .  Animals 
were  r e s t r a i n e d  i n  i n d i v i d u a l  f r e e  s t a l l s  e x c e p t  f o r  t h e  t ime they  were 
b e in g  m i lk ed  (0700 and 1700) and a f o u r - h o u r  e x e r c i s i n g  p e r i o d  (1100-1500) 
i n  which they  were  t u r n e d  lo o s e  i n  the  l o a f i n g  l o t .  T h r e e - f o o t  c h a i n s  were 
used  to r e t a i n  th e  cows i n  t h e  f r e e  s t a l l  i n  which wood s h a v in g s  were 
used  f o r  b e d d in g .
Feed ing :  In  an e f f o r t  to  o b t a i n  t r u e  ad l i b i t u m  f e e d i n g ,  feed  was
o f f e r e d  t h r e e  t im es  d a i l y  (0800, 1300, and 1800) .  The f i s t u l a t e d  a n im a l s  
were fed in  t h e  mangers and d a i l y  feed  consum pt ion  was d e t e r m in e d .  The 
l a c t a t i n g  cows on r a t i o n  I I ,  I I I ,  IV were fed  by i n d i v i d u a l  b in s  a d a p te d  
w i t h  manual d i s p e n s e r s .  These  b i n s  were  k e p t  f u l l  a t  a l l  t im es  and a 
r e c o r d  o f  d a i l y  f eed  was t a k en .  At t h e  end o f  each t e n - d a y  p e r i o d ,  a l l  
b i n s  were e m p t ie d ,  and the  w e ig h t  o f  th e  f e e d  l e f t  i n  t h e  b i n s  was e n t e r e d  
as  r e f u s e d .  Feed r e f u s a l s  f o r  t h e  c o n t r o l  group were  weighed p r i o r  to  
each morning f e e d i n g .  In  o r d e r  to  i n s u r e  p r o p e r  ad ’ i .bitum f e e d i n g ,  f e e d  
a l lo w an ce  was o f f e r e d  d a i l y  to  p r o v i d e  feed  r e f u s a l s  o f  10 - 157.. A d d i t i o n a l
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s a l t  and a  m in e r a l  m ix tu r e  (s teamed bonemeal) were  p r o v id e d  i n  t h e  l o a f i n g  
l o t  f o r  f r e e - c h o i c e  consumpt ion .
C o l l e c t i o n  o f  Data
Feed I n t a k e : I n d i v i d u a l  d a i l y  f eed  consumpt ion  was de te rm in ed  and
s e p a r a t e d  i n t o  roughage  and c o n c e n t r a t e  c o n s t i t u e n t s .  For th e  c o n t r o l  
g roup, t h e  roughage and c o n c e n t r a t e  were fed  s e p a r a t e l y ,  t h e r e f o r e ,  the  
w e igh-backs  were re c o rd e d  s e p a r a t e l y  as  roughage and c o n c e n t r a t e .  Samples 
o f  feed  o f f e r e d  and r e f u s e d  were  t aken  d a i l y  and from them an a l i q u o t  
sample was ta k en  f o r  chem ica l  a n a l y s i s .
Chemical A n a ly s i s  o f  R a t io n s  and F e c e s : Composited samples o f  feed
and f e c e s  were a n a ly z e d  by p ro x im a te  a n a l y s i s  (2) w i th  CP be ing  de te rm ined  
on a f r e s h  sample o f  f e c e s .  D u p l i c a t e  a i r - d r i e d  samples  o f  feed  and feces  
were burned  in  a P a r r  A d i a b a t i c  bomb c a l o r i m e t e r  to  d e te r m in e  g ro s s  energy .  
Approx imate ly  one gram o f  sample was burned  and d i g e s t i b l e  energy  (DE) was 
d e t e r m i n e d ,
D i g e s t i b i l i t y  S t u d i e s : D i g e s t i b i l i t y  o f  th e  e x p e r im e n t a l  r a t i o n s
were de te rm in ed  u s in g  the  t o t a l  c o l l e c t i o n  method (3 days)  on th e  f i s t u l a t e d  
cows and the  chromic o x id e  i n d i c a t o r  method on bo th  t h e  f i s t u l a t e d  and 
l a c t a t i n g  an im a ls  ( p e r i o d  6 and 8 ) .  Ten grams o f  chromic  ox ide  were fed 
to  each animal d u r in g  a f i v e - d a y  p r e l i m i n a r y  p e r i o d  and a t h r e e - d a y  c o l l e c ­
t i o n  p e r i o d .  The chromic  o x id e  was mixed w i th  1 kg o f  c o n c e n t r a t e  and 
fed  a t  0800. Feca l  g r a b  samples  were t a k e n  from th e  f i s t u l a t e d  cows every  
two hours  d u r in g  the  t h r e e - d a y  c o l l e c t i o n  p e r i o d  to  d e te r m in e  chromic 
ox id e  e x c r e t i o n  p a t t e r n ,  and from th e  l a c t a t i n g  cows a t  0900 and 1900 
d a i l y .  F e c a l  samples  were p l a c e d  i n  p l a s t i c  bags  and s t o r e d  a t  -20C 
u n t i l  t h e  end o f  the  c o l l e c t i o n  p e r i o d ,  a f t e r  which they  were removed, com­
p o s i t e d  and a n a ly z e d .
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D i g e s t l o h  C o e f f i c i e n t s  and TDN: D i g e s t i o n  c o e f f i c i e n t s  f o r  DM, CP,
CF, EE and NFE were d e te rm in ed  on th e  f i s t u l a t e d  and l a c t a t i n g  a n im a l s .  
D i g e s t i b i l i t y  o f  th e  r a t i o n s  were d e te rm in e d  on th e  f i s t u l a t e d  an im a ls  
u s in g  the  chem ica l  a n a l y s e s  o f  th e  f e e d  and f e c e s ,  and t h e  d a t a  from the 
t o t a l  c o l l e c t i o n  t r i a l .  The r e l a t i v e  p e r  c e n t  o f  r e c o v e ry  o f  chromium was 
o b t a i n e d  by d e t e r m i n i n g  th e  mean p a r t s  p e r  m i l l i o n  (ppm) o f  chromium p e r  
gram o f  DM o f  t h e  twe lve  f e c a l  s am p les ,  c o l l e c t e d  a t  two hour  i n t e r v a l s  
f o r  each cow. With t h i s  mean b e in g  1007# r e c o v e r y ,  then  any d e v i a t i o n  
abou t  t h i s  f i g u r e  would be th e  d i u r n a l  v a r i a t i o n  f o r  each  r a t i o n .  To 
d e t e r m in e  d i g e s t i b i l i t y  o f  the  r a t i o n s  u s in g  th e  l a c t a t i n g  a n im a ls ,  the  
chromic  o x id e  i n d i c a t o r  method was u sed .  Chromium c o n c e n t r a t i o n  was 
d e te rm in e d  on a one gram sample  u s in g  a P e rk ln -E lm e r  Atomic A b so rp t io n  
S p e c t ro p h o to m e te r  (5 3 ) .  D i g e s t i b i l i t y  was d e te rm in ed  u s i n g  t h e  f o l l o w i n g  
formula :
D i g e s t i b i l i t y  ■ 100
% Cr i n  feed  % n u t r i e n t  i n  f e c e s  
100 — — :--:------  X7. Cr i n  f e c e s n u t r i e n t  i n  feed
In  o r d e r  to  d e te r m in e  d i g e s t i b l e  ene rgy  i t  was n e c e s s a r y  to  u se  the  
f o l lo w in g  formula  to c a l c u l a t e  f e c a l  o u t p u t  f o r  the  l a c t a t i n g  animals :
. ,  . d rv  m a t t e r  consumption J£— 7. Cl In  f&edkg f e c e s  p e r  day -  % Cr l n  fece8
T o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN) were  d e te rm in e d  u s i n g  the  d i g e s t i o n  
c o e f f i c i e n t s  o b t a i n e d  f o r  CP, CF, EE (x 2 .25 )  and NFE.
C o l l e c t i o n  and P r e p a r a t i o n  o f  Rumen F l u i d  Samples : Rumen f l u i d  
samples  were c o l l e c t e d  from fo u r  r u m e n - f i s t u l a t e d  an im als  f o r  t h r e e  con ­
s e c u t i v e  days a t  0, 2, 4 ,  and 6 hou rs  a f t e r  f e e d i n g .  The samples  were
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s t r a i n e d  th ro u g h  c h e e s e  c l o t h  im m e d ia te ly  f o l l o w i n g  c o l l e c t i o n  and p l a c e d  
i n  a  c e n t r i f u g e  and s u b j e c t e d  to  a f o r c e  o f  2 ,000  g f o r  a p e r i o d  o f  f i f t e e n  
m i n u t e s .  F i f t y  m i l l i l i t e r  (ml) o f  the  s u p e r n a t e  were  removed from th e  
s am p le s ,  p r e s e r v e d  w i t h  s a t u r a t e d  m e r c u r i c  c h l o r i d e  ( 0 .5  ml p e r  20 ml of  
rumen f l u i d )  and s t o r e d  a t  - 20C f o r  f u t u r e  e x t r a c t i o n  o f  v o l a t i l e  f a t t y  
a c i d s  (VFA). F i f t e e n  m i l l i l i t e r s  a l i q u o t s  were  t a k e n  f o r  VFA a n a l y s i s ,  
and were  e x t r a c t e d  and p r e p a r e d  a f t e r  t h e  method o f  Conrad (14) w i th  
m o d i f i c a t i o n s  as  s u g g e s t e d  by L a rso n  (3 6 ) .  T h i s  p r o c e d u r e  c o n s i s t e d  o f  
a s im p le  e x t r a c t i o n  a t  a c i d i f i e d  sample  pH 1 .0 0 ,  w i t h  s u f f i c i e n t  e t h y l  
e t h e r  to  p r e v e n t  th e  f o r m a t i o n  o f  an e m u ls io n .  The m o d i f i c a t i o n  o f  
C o n r a d ' s  method c o n s i s t e d  o f  th e  s u b s t i t u t i o n  o f  a t w e n t y - f i v e  ml g r a d u a t e d  
c y l i n d e r  f o r  th e  s e p a r a t o r y  f u n n e l .  The f i f t e e n  ml sam ples  were  p l a c e d  
i n  c y l i n d e r s  and to  each  was added  1 .5  ml o f  4 N Hj S0^. Ten ml o f  e t h y l  
e t h e r  was added and th e  c o n t e n t s  th o r o u g h l y  mixed .  C a p i l l a r y  p i p e t t e s  
were used  i n  d raw ing  o f f  a p p ro x im a te  3 ml p o r t i o n s  o f  th e  e t h e r  p h a se .
Samples were  th e n  t r e a t e d  w i t h  s u f f i c i e n t  amounts o f  sodium s u l f a t e  to  i n ­
s u r e  removal  o f  w a t e r  p r i o r  to  i n j e c t i o n  i n t o  the  gas  ch ro m a to g ra p h .  The 
i n s t r u m e n t  used  i n  d e t e r m i n i n g  th e  r a t i o  o f  v o l a t i l e  f a t t y  a c i d s  p ro d u ced  
was a M icro-Tek ,  GC 1600. The column used  c o n s i s t e d  o f  a  207. d i e t h y l e n e g l y c o l  
s u c c i n a t e  and 27. p h o s p h o r i c  a c i d  mix packed  on 80 - 100 mesh c h rom opor t .
Flow r a t e  o f  t h e  c a r r i e r  g a s ,  h e l iu m ,  was a d j u s t e d  t o  65 ml p e r  m in u te  and 
th e  oven t e m p e r a t u r e  was s e t  a t  150 C. F iv e  m i c r o l i t e r  a l i q u o t s  o f  each 
sample were  i n j e c t e d  a t  a p p r o x im a te ly  25 m in u te  i n t e r v a l s .  C h a r t s  were  
t a b u l a t e d ,  assuming a c e t i c ,  p r o p i o n i c  and b u t y r i c  a c i d s  as 1007® o f  t o t a l  
a c i d  p r o d u c t i o n .  Peak a r e a s  f o r  t h e  i n d i v i d u a l  a c i d s  were  computed u s i n g  
th e  i n t e g r a t o r  and r e s u l t s  e x p r e s s e d  i n  a r e a  % o f  t o t a l  a c i d  p r o d u c t i o n .
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C o l l e c t i o n  and P r e p a r a t i o n  o f  M ilk  F a t  S a m p le s : Milk  was c o l l e c t e d
d u r i n g  p e r i o d s  4 ,  6,  8 ,  10, and 11 f o r  a n a l y s e s  o f  th e  f a t t y  a c i d s  found 
i n  t h e  m i l k  f a t .  F a t  was e x t r a c t e d  from 35 ml o f  m i lk  u s i n g  10 ml o f  BDI 
r e a g e n t  ( a  m i x t u r e  o f  a  n o n - i o n i c  s u r f a c t a n t  and sodium t e t r a p h o s p h a t e , 
" c a l g o n " ,  i n  w a t e r ) .  The e x t r a c t e d  f a t  was p l a c e d  i n  3 ml a m p u le s ,  s e a l e d  
u n d e r  n i t r o g e n  and  s t o r e d  a t  -  20C f o r  f u t u r e  s a p o n i f i c a t i o n  and m e t h y l a -  
t i o n  o f  f a t t y  a c i d s .  M e t h y l a t i o n  was a c c o m p l i s h e d  a c c o r d i n g  to  t h e  method 
u s e d  by Ways e t  a l . ( 7 3 ) .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  m e th y l  e s t e r s  
was p e r f o r m e d  on a  M icro -Tek  Model GC c h ro m a to g ra p h  e q u ip p e d  w i t h  a  g l a s s  
column (2 m x 5 mm) p a c k e d  w i t h  157. e t h y l e n e  g l y c o l  a d i p a t e  on 60 - 80 
mesh ch rom oso rb  W (M ic ro -T ek ,  I n c . ,  B a ton  Rouge, L a . ) .  A column t e m p e r a ­
t u r e  o f  200 C was m a i n t a i n e d  w i t h  t h e  h e l iu m  gas  f low r a t e  o f  60 c c / m i n . , 
a  h y d ro g e n  f low r a t e  o f  40 c c / m i n  and an a i r  f low  r a t e  o f  0 . 8  c c / m i n .  
I d e n t i f i c a t i o n  o f  p e a k s  o f  f a t t y  a c i d s  was b a se d  on r e t e n t i o n  t im es  r e l a ­
t i v e  to  t h o s e  o f  known f a t t y  a c i d s .  The a r e a  o f  e ach  p e a k  was c a l c u l a t e d  
u s i n g  t h e  i n t e g r a t e r  and  r e p o r t e d  a s  p e r  c e n t  o f  t o t a l  p e a k  a r e a s .
Economics o f  Comple te  F e e d s : D a i ly  f e e d  c o s t ,  f e e d  c o s t s / k g  FCM
and d a i l y  r e t u r n s  above f e e d  c o s t  w ere  d e t e r m i n e d  u s i n g  a c t u a l  c o s t  o f  
i n g r e d i e n t s  to  t h e  L .S .U .  D ep ar tm en t  o f  D a i ry  S c i e n c e .
S t a t i s t i c a l  A n a l y s i s : A n a l y s i s  o f  v a r i a n c e  a c c o r d i n g  to  t h e  method
o f  S t e e l e  and T o r r i e  (65) w e re  c o n d u c te d  to  t e s t  t h e  s i g n i f i c a n c e  o f  any 
d i f f e r e n c e s  o b t a i n e d  from t h e  r a t i o n s .  The d e s i g n  o f  t h e  l a c t a t i o n  
e x p e r i m e n t  was a c o n t i n u o u s  t r i a l  (120 d a y s )  w i t h  16 cows a s s i g n e d  to  fou r  
ran d o m ized  b l o c k s  w i t h  a  s p l i t - p l o t  i n  t i m e .  The d e s i g n  o f  t h e  f i s t u l a t e d  
cow e x p e r i m e n t  was a  random ized  d e s i g n  w i t h  4 cows a s s i g n e d  to  f o u r  tra<r- 
menfs  and  o b s e r v a t i o n s  t a k e n  a t  0 ,  2,  4 ,  and  6 h o u r s  a f t e r  f e e d i n g .
RESULTS AND DISCUSSION
Chemica l  A n a l y s i s  o f  R a t i o n s
The c a l c u l a t e d  c h e m i c a l  a n a l y s e s  from M o r r i s o n  ( 4 7 ) ,  a c t u a l  
c h e m i c a l  a n a l y s e s ,  and c h e m i c a l  a n a l y s e s  o f  i n g r e d i e n t s  u sed  t h e  e x p e ­
r i m e n t a l  r a t i o n s  a r e  p r e s e n t e d  i n  T a b l e s  3,  4 ,  and Appendix  T a b le  l a ,  
r e s p e c t i v e l y .  The c a l c u l a t e d  and  a c t u a l  CP v a l u e s  w ere  found to  be 
q u i t e  s i m i l a r  f o r  r a t i o n s  I ,  I I  and I I I ,  w h i l e  t h e  c a l c u l a t e d  CP 
s l i g h t l y  o v e r - e s t i m a t e d  t h e  a c t u a l  CP f o r  r a t i o n  IV. C a l c u l a t e  CF f o r  
r a t i o n s  I ,  I I  and IV u n d e r - e s t i m a t e d  t h e  a c t u a l  CF and o v e r - e s t i m a t e d  
a c t u a l  CF f o r  r a t i o n  I I I .  The c a l c u l a t e d  DM was s i m i l a r  to  t h e  a c t u a l  
DM f o r  a l l  r a t i o n s  and a s  a w h o le ,  t h e  c h e m i c a l  a n a l y s e s  o f  t h e  e x p e ­
r i m e n t a l  r a t i o n s  i n d i c a t e d  t h a t  t h e y  w e re  v e r y  s i m i l a r .
D i g e s t i b i l i t y  S t u d i e s
E x c r e t i o n  P a t t e r n  o f  Chromium I o n : The d i u r n a l  e x c r e t i o n  p a t t e r n s
o f  chromium io n  f o r  t h e  e x p e r i m e n t a l  r a t i o n s  f e d  to  th e  r u m e n - f i s t u l a t e d  
cows a r e  shown i n  F i g u r e  1, and t h e  r e l a t i v e  p e r  c e n t  r e c o v e r y  o f  
chromium i o n  ha s  been  p r e s e n t e d  i n  Appendix  T ab le  2a .  These  c u r v e s  
a r e  b a s e d  on t h e  p e r c e n t a g e  r e c o v e r y  o f  chromium io n  i n  t h e  12 tw o -h o u r  
g r a b  s a m p l e s .  The mean r a t e  o f  r e c o v e r y  f o r  chromium io n  on t h e  d i f ­
f e r e n t  t r e a t m e n t s  a t  t h e  c o l l e c t i o n  t im e s  o f  0900 and 1900 were  1 -94 .4% ,
11-102.2% , H I - 9 8 . 9 % ,  and IV-99.7%. A l th o u g h  c o n s i d e r a b l e  v a r i a t i o n  
e x i s t e d  b e tw een  t h e  i n d i v i d u a l  c u r v e s ,  t h e  a v e r a g e  r e c o v e r y  r a t e  
(0900 and 1900) f o r  a l l  r a t i o n s  was 98.87o. These  r e s u l t s  a r e  i n  c l o s e
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TABLE 3
£
C a l c u l a t e d  Chemical A n a ly se s  o f  t h e  E x p e r im e n ta l  R a t io n s
R a t io n s
N u t r i e n t
I
C o n t r o l
I I
A l f a l f a
I I I
CSH
IV
N a t i v e  G rass
Crude P r o t e i n 15.86
- - - P e r  Cent 
15.86 15.71 17.12
Crude F i b e r 10.24 10.24 15.75 11.90
Dry M a t t e r 86 .22 86 .22 85 .94 86 .30
TDN 65.00 65 .00 62 .39 64 .65
a M o r r i s o n ' s  T a b le s  ( 4 7 ) ,  90% DM.
TABLE 4
Chemical A n a ly se s o f  t h e  E x p e r im e n ta l R a t i o n s a
R a t io n s
I I I I I I IV
N u t r i e n t C o n t r o l A l f a l f a CSH N a t i v e  G rass
Crude P r o t e i n 15.95 15.95 15.93 16.31
Crude F i b e r 11 .32 11.32 12 .76 12.47
E t h e r  E x t r a c t 2 .00 2 .0 0 2 .2 7 2 .6 0
NFE 4 9 .4 6 4 9 .4 6 4 9 .2 4 4 7 .7 6
Ash 6.67 6 .67 5 .37 7 .4 6
Dry M a t t e r 85 .40 85 .40 85 .57 8 6 .60
Average o f  10 ch em ica l  a n a l y s e s .
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F ig u r e  1. D iu rn a l  E x c r e t i o n  P a t t e r n  o f  Chromium Ion When A d m in is te re d  a t  0800 D a i ly  by Rumen 
F i s t u l a t e d  Animals Fed E x p e r im en ta l  R a t io n s .
R a t io n  I , R a t io n  I I ,   X R a t io n  I I I , ■0------- R a t io n  IV
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ag reem en t  w i t h  t h o s e  r e p o r t e d  by McCoy e t  a l . ( 4 2 ) ,  who use  s i m i l a r  
t im es  f o r  c o l l e c t i o n  and found a  r e l a t i v e  p e r c e n t a g e  r e c o v e r y  r a t e  o f  
101.9%. Some o f  th e  o b s e r v e d  v a r i a t i o n  be tween  t h e  e x c r e t i o n  p a t t e r n  
o f  chromium ion  ( F ig u r e  1) was due to  an im a l  d i f f e r e n c e s ,  s i n c e  t h e r e  
was o n ly  one an im a l  p e r  e x p e r i m e n t a l  r a t i o n  ( g r a b  sam ples  t a k e n  on 
t h r e e  c o n s e c u t i v e  days from each a n i m a l ) .
T o t a l  C o l l e c t i o n  T r i a l  w i t h  R u m e n - F i s t u l a t e d  Animals :  A summary
o f  th e  r e s p o n s e s  o b t a i n e d  w i t h  th e  r u m e n - f i s t u l a t e d  n o n - l a c t a t i n g  d a i r y  
an im a ls  i s  g iv e n  i n  T ab le  5.  No p ro b lem s  were  e n c o u n t e r e d  i n  th e  con­
sum pt ion  o f  th e  e x p e r i m e n t a l  r a t i o n s ,  a l t h o u g h  t h e  an im a l  on th e  n a t i v e  
g r a s s  hay r a t i o n  consumed c o n s i d e r a b l y  l e s s  t h a n  t h e  o t h e r  a n i m a l s .
The h i g h e s t  consum pt ion  o f  f e e d  o c c u r r e d  on t h e  c o t t o n s e e d  h u l l  r a t i o n  
(T ab le  5 ) .  The Therms p e r  kg o f  f e e d  and p e r  kg o f  f e c e s  were  found 
to  b e ,  (1) 4 . 2 5 ,  3 .9 0 ;  ( I I )  4 . 1 6 ,  4 . 0 5 ;  ( I I I )  4 . 0 8 ,  4 . 2 1 ;  and (IV)
4 . 0 6 ,  3 .6 5 ,  r e s p e c t i v e l y .  The f e c e s  from th e  an im a l  on t h e  c o t t o n s e e d  
h u l l  r a t i o n  had th e  h i g h e s t  c a l o r i c  v a l u e  (4 .2 1  Therm s) ,  which would 
s u g g e s t  lower  d i g e s t i b i l i t y .
On a g r o s s  energy  b a s i s  (T ab le  5) i t  a p p e a r s  t h a t  t h e  r a t i o n s  
had a p p r o x i m a t e l y  th e  same energy  v a l u e  (4 .2 5  - 4 . 0 6  T h e rm /k g ) ,  b u t  when 
th e  Therms o f  DE/kg o f  feed  were compared t h e r e  were  l a r g e  d i f f e r e n c e s .  
The Therms o f  DE/kg o f  f e e d  f o r  th e  e x p e r i m e n t a l  r a t i o n s  were  found to  
b e ,  1 - 3 . 0 8 ,  I I - 2 . 9 7 ,  I I I - 2 . 6 8  and I V - 2 .7 3 .  These  v a l u e s  a r e  s i m i l a r  
to  t h o s e  r e p o r t e d  by V i l l a v i c e n c i o  and R u so f f  (71)  who found them to  
be 3 .1 3 ,  2 .9 3 ,  2 .49  and 2 .57  Therms, r e s p e c t i v e l y ,  u s i n g  sheep  fed  the  
same r a t i o n s .  To o b t a i n  t h e  DE/kg f e e d ,  t h e  d i g e s t i o n  c o e f f i c i e n t s  
(T ab le  5) f o r  each r a t i o n  were  m u l t i p l i e d  by t h e i r  r e s p e c t i v e  Therms 
p e r  kg o f  f e e d .
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TABLE 5
Summary o f  Responses  O b ta in ed  from D i g e s t i b i l i t y  T r i a l  ( T o t a l  C o l l e c t i o n )  
w i t h  R u m e n - F i s t u l a t e d  N o n - l a c t a t i n g  D a i ry  Animals Fed E x p e r im e n ta l  R a t io n s
I
C o n t r o l
R a t io n s  
I I  I I I  
A l f a l f a  CSH
IV
N a t iv e  G rass
O b s e r v a t i o n
Av. d a i l y  f e e d  i n t a k e  (kg) 16 .67 16.67 17.42 11.14
Av. d a i l y  feed  i n t a k e  (ADB,kg)a 15 .76 15.71 16.57 10.71
Therms p e r  kg o f  fe ed 4 .2 5 4 .1 6 4 . 0 8 4 .0 6
Av. d a i l y  f e c e s  e x c r e t e d  (kg) 2 0 .45 21.89 17 .94 17.74
Av. d a i l y  f e c e s  e x c r e t e d  (ADB,kg) 4 . 4 3 4 .6 3 5 .54 3 .90
Therms p e r  kg o f  f e c e s 3 .90 4 .0 5 4 .2 1 3 .65
D i g e s t i b l e  e n e r g y /k g  f e e d  (Therms) 3 .0 8 2 .97 2 .6 8 2 .73
D i g e s t i o n  C o e f f i c i e n t s  (%)
D i g e s t i b l e  energy 72 .37 71 .29 65 .57 67 .22
Dry m a t t e r 71 .88 70 .50 66.57 63 .63
TDN 6 0 .6 6 59 .92 56 .49 55 .05
Crude P r o t e i n 67 .61 66 .42 64 .43 61.81
Crude F i b e r 39 .23 4 3 .8 8 24.67 4 3 .0 0
E t h e r  e x t r a c t 65.47 79 .18 87 .12 8 3 .64
NFE 8 3 .2 8 8 2 .49 78 .44 72.69
Energy and TDN I n t a k e
G ross  i n t a k e  (Therms) 6 6 .9 8 65 .35 67 .61 4 3 .4 8
F e c a l  O u tpu t  (Therms) 17 .28 18 .75 23 .32 14.24
D i g e s t i b l e  e n e rg y  i n t a k e  (Therms) 4 9 .7 0 4 6 .6 0 4 4 .2 9 29 .24
TDN i n t a k e  (kg) 9 .5 6 9 .41 9 .3 6 5. 90
a ADB : a i r - d r y  b a s i s  o r  90% d ry  m a t t e r .
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The DE and TDN c o e f f i c i e n t s  (T ab le  5) o f  t h e  e x p e r i m e n t a l  r a t i o n s  
were  found t o  be ( I )  7 2 . 3 7 ,  60 .66;  ( I I )  7 1 . 29 ,  59 .92;  ( I I I )  65 .5 7 ,  56 .49;  
and (IV) 6 7 . 2 2 ,  5 5 . 0 5 ,  r e s p e c t i v e l y .  D i g e s t i b l e  en e rg y  c o e f f i c i e n t s  
f o r  t h e  c o n t r o l  r a t i o n  (72.377.) and a l f a l f a  r a t i o n  (71.297c) were  s i m i l a r  
w h i l e  t h e  v a l u e s  were  much lower  f o r  t h e  c o t t o n s e e d  h u l l  r a t i o n  (65.57%) 
and n a t i v e  g r a s s  r a t i o n  (67.227. ) .  Although  th e  c o t t o n s e e d  h u l l  r a t i o n  
had t h e  lo w e s t  DE c o e f f i c i e n t ,  i t  had th e  g r e a t e s t  a v e r a g e  feed  c o n ­
sum pt ion  which made t h e  i n t a k e  o f  DE (44 . 20  Therms) s i m i l a r  to  t h a t  o f  
th e  a l f a l f a  r a t i o n  (46 . 60  Therms) and g r e a t e r  t h a n  t h a t  o f  the  n a t i v e  
g r a s s  hay  r a t i o n  ( 29 . 24  Therms) .  The c o n t r o l  r a t i o n  had a s l i g h t l y  
h i g h e r  DE c o e f f i c i e n t  and DE i n t a k e  th a n  th e  a l f a l f a  r a t i o n  which was 
p r o b a b l y  due to  t h e  f a c t  t h a t  t h e  an im a l  on th e  c o n t r o l  r a t i o n  a t e  
s l i g h t l y  more th a n  707. c o n c e n t r a t e  w h i l e  t h e  an im a l  on th e  com ple te  
feed  consumed e x a c t l y  70%.
The CF d i g e s t i o n  c o e f f i c i e n t s  (T ab le  5) f o r  t h e  c o n t r o l ,  a l f a l f a  
r a t i o n  and n a t i v e  g r a s s  hay r a t i o n  were  s i m i l a r  ( 3 9 . 23  - 4 3 . 8 8 )  w h i l e  
th e  c o e f f i c i e n t s  f o r  t h e  c o t t o n s e e d  h u l l  r a t i o n  was a p p r o x im a te ly  h a l f  
( 2 4 . 67 )  o f  t h e  v a l u e s  o f  th e  o t h e r  t h r e e  r a t i o n s .  S i m i l a r  d i g e s t i o n  
c o e f f i c i e n t s  f o r  CF have  been r e p o r t e d  by V i l l a v i c e n c i o  (70)  and McCoy 
e t  a l . ( 4 2 ) .  h i g h e s t  d i g e s t i o n  c o e f f i c i e n t s  f o r  EE (T ab le  5) were  found 
f o r  t h e  c o t t o n s e e d  h u l l  r a t i o n  (87.12%) and n a t i v e  g r a s s  hay r a t i o n  
(83,647. ) ,  and lo w e s t  NFE v a l u e s ,  (78.44% and 72.697. ) ,  r e s p e c t i v e l y .
I n d i c a t o r  Method w i t h  L a c t a t i n g  A n im a ls : The r e s u l t s  o f  the
d i g e s t i b i l i t y  t r i a l s  ( p e r i o d s  6 and 8) u s i n g  chrom ic  o x id e  i s  p r e s e n t e d  
i n  T ab le  6. I t  can  be n o te d  t h a t  th e  a v e r a g e  d a i l y  f e e d  i n t a k e  ( 22 . 24  - 
26 .15  kg) f o r  t h e  l a c t a t i n g  d a i r y  cows was g r e a t e r  t h a n  the  a v e r a g e
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TABLE 6
Summary o f  Responses  O b ta in ed  from D i g e s t i b i l i t y  T r i a l s  (Chromic o x id e )  
w i t h  L a c t a t i n g  Animals Fed E x p e r im e n ta l  R a t io n s
R a t io n s
I
C o n t r o l
I I
A l f a l f a
I I I
CSH
IV
N a t i v e  G rass
O b s e r v a t i o n
Av. d a i l y  f e e d  i n t a k e  ( k g ) a 2 2 .24 2 3 .73 26 .15 23 .53
Therms p e r  kg o f  feed 4 .2 5 4 .1 6 4 .0 8 4 .0 6
Av. d a i l y  d ry  m a t t e r  e x c r e t e d  (kg) ,D 6 .89 7.19 9 .38 9 .2 9
Therms p e r  kg f e c e s 3 .91 4 .0 1 4 .07 3.91
D i g e s t i b l e  e n e r g y / k g  fe e d  (Therms) 3 .0 4 2 .95 2.63 2 .53
D i g e s t i o n  C o e f f i c i e n t s  (7„)
D i g e s t i b l e  energy 71.47 70 .86 64 .46 62 .21
Dry m a t t e r 69 .06 6 9 .73 63 .96 60 .77
TDN 57.35 55 .93 5 3 .6 3 5 2 .46
Crude p r o t e i n 6 5 .80 6 8 .35 66 .89 62 .46
Crude f i b e r 4 5 .5 9 4 4 .7 7 25 .28 4 2 .87
E t h e r  e x t r a c t 66 .78 69 .23 69 .86 72 .72
NFE 78.22 77 .66 72.89 68 .40
Energy and TDN I n t a k e
Gross  i n t a k e  (Therms) 94 .52 98 .72 106.69 95 .5 3
F e c a l  o u t p u t  (Therms) 26 .94 28 .83 38 .18 36.32
D i g e s t i b l e  energy  i n t a k e  (Therms) 67 .58 69 .89 68 .51 59 .21
TDN i n t a k e  (kg) 12.75 13.27 14.02 12.34
a ADB: a i r - d r y  b a s i s  o r  907L d ry  m a t t e r ,
b o ry  « t t «  e x c r e t e d  -  ^
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i n t a k e  o f  t h e  r u m e n - f i s t u l a t e d  cows (1 1 .1 4  - 17 .42  kg ,  T ab le  5 ) .  The 
l a c t a t i n g  cows on t h e  n a t i v e  g r a s s  hay r a t i o n  had s i m i l a r  i n t a k e s  to  
t h e  an im a ls  on t h e  c o n t r o l  and a l f a l f a  r a t i o n s ,  w h i l e  t h o s e  on c o t t o n ­
seed  h u l l  r a t i o n  showed th e  g r e a t e s t  i n t a k e .  The Therms DE/kg feed  
f o r  t h e  l a c t a t i n g  an im a ls  on t h e  e x p e r i m e n t a l  r a t i o n s  ( 1 - 3 . 0 4 ,  I I - 2 . 9 5 ,
I I I - 2 . 6 3 ,  IV -2 .5 3 )  were  i n  c l o s e  ag reem en t  to  t h a t  o f  t h e  r u m e n - f i s t u l a t e d  
a n im a l s  ( 1 - 3 . 0 8 ,  1 1 - 2 .9 7 ,  I I I - 2 . 6 8 ,  I V - 2 . 7 3 ) .  S i m i l a r  v a l u e s  were 
found by V i l l a v i c e n c i o  (70) when sheep  were  fed  th e  same r a t i o n s .
DE c o e f f i c i e n t s  were  found to  be s l i g h t l y  lower  f o r  a l l  r a t i o n s  
when th e y  were  d e te r m in e d  w i th  t h e  l a c t a t i n g  a n im a l s  as  compared to  
v a l u e s  o b t a i n e d  w i t h  r u m e n - f i s t u l a t e d  a n im a l s  (T a b le s  5 and 6 ) .  S i m i l a r  
DE c o e f f i c i e n t s  (6 2 .4 8  - 73.32%) were  r e p o r t e d  by F l a t t  (19)  when he 
r ev iew ed  e n e rg y  m e ta b o l i sm  s t u d i e s  from 1905 to  1963. I t  i s  o f  im p o r ta n c e  
to  p o i n t  o u t  t h a t  t h e  a v e r a g e  DE i n t a k e  r e p o r t e d  by F l a t t  (19)  was 31 .05  
Therms w i th  a ran g e  o f  11 .84  to  5 2 .9  Therms, w h i l e  t h e  DE i n t a k e  o f  th e  
l a c t a t i n g  cows i n  t h i s  s t u d y  (T ab le  6) f o r  t h e  e x p e r i m e n t a l  r a t i o n s  were  
found to  be 1 - 6 7 .5 8 ,  1 1 - 6 9 .8 9 ,  1 1 1 -68 .51  and IV -59 .21  Therms. The h ig h  
l e v e l s  o f  p r o d u c t i o n  i n  t h i s  s tu d y  may a c c o u n t  f o r  t h e  i n c r e a s e d  c o n ­
sum pt ion  o f  DE. A com par ison  o f  DE c o e f f i c i e n t s  f o r  t h e  e x p e r i m e n t a l  
r a t i o n s  used  i n  t h i s  s tu d y  as  d e t e r m in e d  by d i f f e r e n t  methods i s  g iv e n  
i n  T a b le  7. Some v a r i a t i o n s  e x i s t e d  be tween th e  d i f f e r e n t  methods bu t  
a s  a whole  they  were  v e r y  s i m i l a r  w i t h  t h e  e x c e p t i o n  o f  t h o s e  f o r  the  
c o t t o n s e e d  h u l l  and n a t i v e  g r a s s  hay r a t i o n s .  These  two r a t i o n s  were 
d i f f i c u l t  to  sample p r o p e r l y ,  e s p e c i a l l y  th e  n a t i v e  g r a s s  hay r a t i o n  s i n c e  
i t  was v e ry  b u lk y ,  t h e r e f o r e  t h i s  m igh t  a c c o u n t  f o r  some o f  th e  o b s e r v e d  
v a r i a t i o n s  o f  t h e  e x p e r i m e n t a l  r a t i o n s .  B l a x t e r  and Wainman (10) o b s e r v ed
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TABLE 7
Comparison o f  D i g e s t i b l e  Energy C o e f f i c i e n t s  De term ined
by D i f f e r e n t  Methods
Method
I
C o n t r o l
R a t io n s  
I I  I I I  
A l f a l f a  CSH
IV
N a t iv e  Grass
aT o t a l  c o l l e c t i o n  ( sh e ep ) 73 .8 70 .5
Cent
6 1 .0 6 3 .3
T o t a l  c o l l e c t i o n  ( r u m e n - f i s t u l a t e d
cows) 72 .4 71.3 6 5 .6
CMO
Chromic o x id e  ( l a c t a t i n g  cows) 71.5 70 .9 6 4 .5 6 2 .2
aV i l l a v i c e n c i o  and R u so f f  (7 1 ) .
TABLE 8
Comparison o f  TDN C o e f f i c i e n t s  D e term ined  by D i f f e r e n t  Methods
R a t io n s
I I I I I I IV
C o n t r o l A l f a l f a CSH N a t i v e  G rass
E s t i m a t e d 3 65 .0 65 .0
Cent
6 2 .4 64. 7
T o t a l  c o l l e c t i o n  (sheep)*5 6 3 .0 61 .0 55 .5 57 .0
T o t a l  c o l l e c t i o n  ( r u m e n - f i s t u l a t e d
cows) 60.7 59.9 56 .5 55.1
Chromic o x i d e  ( l a c t a t i n g  cows) 5 7 .4 55 .9 5 3 .6 52 .5
aM o r r i s o n ' s  t a b l e s  (47) ,  
^ V i l l a v i c e n c i o  and R u so f f  (71) .
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s i m i l a r  d i g e s t i b i l i t i e s  (DE) f o r  sheep  and c a t t l e  when th e  p l a n e  o f  n u t r i ­
t i o n  was i n c r e a s e d  from s l i g h t l y  l e s s  t h a n  m a in te n an c e  to  tw ic e  t h a t  
am ount .
The TDN v a l u e s  o f  t h e  e x p e r i m e n t a l  r a t i o n s  u s i n g  l a c t a t i n g  a n im a l s  
has  been  p r e s e n t e d  i n  T a b le  6,  and a c om par i son  o f  t h e s e  v a l u e s  w i th  
TDN o b t a i n e d  on t h e  same r a t i o n s  u s i n g  d i f f e r e n t  methods o f  d e t e r m i n a ­
t i o n  i s  g iv e n  i n  T ab le  8.  When th e  TDN c o e f f i c i e n t s  a r e  compared,  t h e  
TDN v a l u e s  o t a i n e d  u s i n g  l a c t a t i n g  a n im a l s  were  found to  be c o n s i d e r a b l y  
lower  than  th o s e  o b t a i n e d  by e s t i m a t i o n  (T ab le  3 ) ,  th e  f i s t u l a t e d -  
an im a l  t r i a l  (T ab le  5) and th e  sheep  t r i a l  ( 7 1 ) .  These  v a l u e s  a r e  a l s o  
lower  th a n  th o s e  o b t a i n e d  by McCoy e t  a l ■ (40,  41) f o r  c o m p le te  f e e d s .
The a v e r a g e  d a i l y  FCM p r o d u c t i o n  by t h e  l a c t a t i n g  cows on t h e  e x p e r i m e n t a l  
r a t i o n s  d u r i n g  t h e  d i g e s t i b i l i t y  t r i a l  ( p e r i o d s  6 and 8) were  1 - 2 2 . 2  k g ,  
11 -2 3 .1  kg ,  I I I - 2 0 . 4  kg ,  IV -1 7 .0  kg ,  which i s  c o n s i d e r e d  a  r e l a t i v e l y  
h ig h  l e v e l  o f  p r o d u c t i o n .  When t h e  above p r o d u c t i o n  l e v e l s  and th e  
TDN v a l u e s  (T ab le  8) a r e  c o n s i d e r e d ,  a f a i r  a s s u m p t io n  would be t h a t  i t  
would be i n c o r r e c t  to  d e t e r m in e  t h e  TDN o f  a r a t i o n  w i t h  n o n - l a c t a t i n g  
an im a ls  and e x t r a p o l a t e  t h i s  i n f o r m a t i o n  to  l a c t a t i n g  a n im a ls  p r o d u c i n g  
a t  h ig h  l e v e l s .  On th e  o t h e r  hand ,  i t  would a p p e a r  t h a t  s i m i l a r  DE 
c o e f f i c i e n t s  c o u ld  be o b t a i n e d  from l a c t a t i n g  o r  n o n - l a c t a t i n g  a n im a ls  
fed  ad l i b i t u m  (T ab le  7 ) .
The a v e r a g e  d a i l y  FCM p r o d u c t i o n  o f  a l l  l a c t a t i n g  a n im a ls  on a l l  
r a t i o n s  f o r  th e  e n t i r e  s tu d y  (120 d ay s )  was 21 kg and t h e  a v e r a g e  body 
w e ig h t  was 582 k g .  A cow o f  t h i s  w e i g h t  and p r o d u c t i o n  needs  a p p r o x i m a t e l y  
10 kg o f  TDN p e r  day a c c o r d i n g  t o  M o r r i so n  ( 4 7 ) ,  y e t  t h e  a n im a l s  i n  t h i s
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s tu d y  consumed 1 2 ,3  t o  14 .0  kg TDN/day. I t  I s  a p p a r e n t  t h a t  t h e s e  
a n im a l s  consumed i n  e x c e s s  o f  t h e i r  r e q u i r e m e n t s  f o r  p r o d u c t i o n  and 
m a in t e n a n c e  p r o v i d i n g  M o r r i s o n ' s  S t a n d a r d s  a r e  an  a c c u r a t e  e s t i m a t e  o f  
t h e i r  r e q u i r e m e n t s .  The TDN i n t a k e  o f  t h e s e  a n im a l s  a r e  c o n s i d e r a b l y  
h i g h e r  th a n  th o s e  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  (8 ,  39,  6 7 ) .
TDN R equ i rem en ts  f o r  P r o d u c t i o n : R equ i rem en ts  f o r  cows p r o d u c ­
ing  a t  d i f f e r e n t  l e v e l s  o f  p r o d u c t i o n  on t h e  e x p e r i m e n t a l  r a t i o n s  a r e  
found i n  T ab le  9.  These r e q u i r e m e n t s  were  o b t a i n e d  by d e t e r m i n i n g  th e  
r e q u i r e m e n t  f o r  p r o d u c t i o n  a f t e r  m a in t e n a n c e  f o r  each  cow f o r  t h e  e n t i r e  
e x p e r im e n t  on a p e r i o d  (10 day) b a s i s  u s i n g  M o r r i s o n ' s  S ta n d a r d s  ( 4 7 ) .
The cows were  g rouped  a c c o r d i n g  to  th e  d i f f e r e n t  p r o d u c t i o n  l e v e l s  
shown, and t h e  a v e r a g e  r e q u i r e m e n t  d e t e r m in e d  f o r  each  l e v e l  o f  p r o d u c ­
t i o n .  From t h e  f i g u r e s  shown i n  T a b le  9 ,  i t  c an  be s e e n  t h a t  t h e  h ig h  
l e v e l s  o f  p r o d u c t i o n  r e q u i r e d  t h e  l e a s t  amount o f  TDN p e r  kg o f  FCM 
p ro d u c e d  when a n im a l s  were  fed  ad l i b i t u m .  The a v e r a g e  kg o f  FCM and 
kg o f  TDN r e q u i r e m e n t  f o r  p r o d u c t i o n  r a t i o n s  w ere :  ( I )  2 2 . 5 ,  0 . 4 1 ;
( I I )  2 3 .4 ,  0 .3 8 ;  ( I I I )  2 0 .9 ,  0 . 5 1 ;  (IV) 1 7 -5 ,  0 . 4 4 ,  r e s p e c t i v e l y .
Animals  on r a t i o n  I I  had th e  h i g h e s t  FCM p r o d u c t i o n  and were  t h e  most  
e f f i c i e n t  c o n v e r t e r s  o f  TDN i n t o  m i l k .  Thurmon e t  a l . (67) p o s t u l a t e d  
t h a t  t h e  m ix ing  o f  chopped hay w i t h  c o n c e n t r a t e s  m ig h t  r e s u l t  i n  b e t t e r  
f e e d  u t i l i z a t i o n  t h a n  t h e  f e e d i n g  o f  long  hay and c o n c e n t r a t e s  s e p a r a t e l y .  
The r e q u i r e m e n t s  f o r  p r o d u c t i o n  o b t a i n e d  i n  t h i s  s t u d y  a r e  lower  th a n  
t h o s e  o b t a i n e d  by V i l l a v i c e n c i o  and R u so f f  (71) and h i g h e r  t h a n  t h o s e  
o b t a i n e d  by Moe e t  a l .  ( 4 6 ) ,  and Reid (58 ,  5 9 ) .
R e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  c a l c u l a t e d  TDN and DE v a l u e s  
u s i n g  M o r r i s o n ' s  T a b le s  t end  to  o v e r - e s t i m a t e  t h o s e  o b t a i n e d  i n  t h e
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TABLE 9
TDN R equ i rem en ts  P e r  kg FCM f o r  D i f f e r e n t  L e v e l s  o f  P r o d u c t i o n  f o r  
t h e  E x p e r im e n ta l  R a t io n s  Fed Ad L i b i tu m  to  L a c t a t i n g  Animalsa
R a t io n s
I I I  I I I  IV
kg FCM___________ C o n t r o l_________ A l f a l f a ____________CSH__________ N a t iv e  G rass
- - (kg)
32-34 .33 ( l ) b .30 (1)
29-31 .35 (8) .32 (3) .38 (1) .36 (1)
26-28 .34 (5) .36 (9) .42 (7) .36 (A)
23-25 .43 (10) .40 (18) .43 (13) .37 (9)
20-22 .38 (13) .42 (8) .46 (7) .37 (1)
17-19 •A3 (8) .31 (5) .43 (A) .38 (A)
14-16 •55 (4) .35 (A) .55 (A) . A8 (7)
11-13 .74 (A) . A9 (1A)
8-10 .81 (A) .51 (A)
Average .41 (48) .38 (A8) .51 (A4) .44 (44)
C a l c u l a t e d  u s i n g  TDN o f  57, 
and IV, r e s p e c t i v e l y .
. 4 ,  5 5 . 9 ,  5 3 . 6 ,  52 .5 f o r  r a t i o n s  I , 11, I I I
^No. o f 10 day p e r i o d s  t h a t a n im a l s p ro d u ced a t  g i v e n  l e v e l .
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d i g e s t i b i l i t y  s t u d i e s  u s i n g  f i s t u l a t e d  n o n - l a c t a t i n g  cows and l a c t a t i n g  
cows. The e x c r e t i o n  p a t t e r n s  o f  chromium io n  were  found to  be i n  f a i r  
ag reem en t  f o r  t h e  a n im a l s  on t h e  d i f f e r e n t  r a t i o n s  and good r e c o v e r y  
c o u ld  be  o b t a i n e d  by u s i n g  c o l l e c t i o n  t im e s  o f  0900 and 1900. High 
p r o d u c in g  a n im a ls  fed  ad l i b i t u m  were  more e f f i c i e n t  c o n v e r t e r s  o f  TDN 
i n t o  FCM t h a n  th e  same a n im a l s  fed  ad l i b i t u m  a t  t h e  lower  l e v e l s  o f  
p r o d u c t i o n .  C u r r e n t  f e e d i n g  p r a c t i c e s  a t  p r e s e n t  a r e  to  su p p ly  a d e q u a te  
e n e rg y  d u r i n g  t h e  d ry  p e r i o d  im m e d ia te ly  p r i o r  to  c a l v i n g ,  r a t h e r  th a n  
s u p p l y i n g  e x c e s s  d i e t a r y  energy  d u r i n g  l a t e  l a c t a t i o n .  As a r e s u l t  o f  
t h i s  p r a c t i c e  i t  i s  n o t  u n u s u a l  f o r  cows to  l o s e  4 5 . 4  to  9 0 .8  kg o f  body 
w e i g h t  d u r i n g  t h e  f i r s t  75 days  a f t e r  c a l v i n g  and some cows have l o s t  
as much as  1 8 1 .6  kg ( 5 7 ) .  As a r e s u l t  o f  t h i s  l o s s  i n  body w e i g h t ,  
a n im a ls  w i l l  u s u a l l y  g a i n  w e ig h t  i n  mid-  and l a t e  l a c t a t i o n ,  th u s  r e ­
p l a c i n g  t h e  body s t o r e s  o f  ene rgy  l o s t  a t  p a r t u r i t i o n  and used  i n  e a r l y  
l a c t a t i o n .  The a v e r a g e  g a i n s  i n  w e i g h t  by t h e  a n im a l s  on th e  d i f f e r e n t  
r a t i o n s  i n  t h i s  e x p e r im e n t  (120 d ay s )  w ere :  1-60 k g ,  11-66  kg , I I I - 7 4 . 4  
kg ,  and I V - 4 6 .8  kg .  E x c e s s iv e  d e p o s i t i o n  o f  body w e i g h t  may be uneconomi­
c a l ,  b u t  e x p e r i m e n t a l  d a t a  a r e  l a c k i n g  on th e  e f f i c i e n c y  w i t h  which  t h i s  
i s  a cc o m p l i sh e d  d u r i n g  l a c t a t i o n  a s  compared to  when t h e  cows a r e  
d ry .  The e f f i c i e n c y  o f  l i p o g e n e s i s  i n  l a c t a t i n g  a n im a l s  may be g r e a t e r  
t h a n  when t h e  same a n im a ls  a r e  d r y . (2 ,  2 2 ) .
R a t io n  E f f e c t s  on Rumen VFA
The e f f e c t  o f  r a t i o n s  on t h e  c o n c e n t r a t i o n  o f  rumen a c e t i c ,  
p r o p i o n i c ,  and b u t y r i c  a c i d s  (Appendix T a b le  3a) and t h e i r  l e v e l  as  a 
f u n c t i o n  o f  t ime  a f t e r  f e e d i n g  i s  shown i n  F ig u r e s  2, 3,  and 4 .  R a t io n
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x:60>Ha)
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PQ
N a t iv e  g r a s s  hay
56
A l f a l f a  hay
54
52
A c e t i c  Acid50
48
46
44
C o n t r o l
42
C o t t o n s e e d  h u l l s
J40 1t
0 2 4 6
Time a f t e r  f e e d i n g  (h r )
F i g u r e  2. P r o p o r t i o n  o f  a c e t i c  a c i d  o f  v o l a t i l e  a c i d s  i n  th e  rumen-
f i s t u l a t e d  a n im a l s  as  a f f e c t e d  by r a t i o n s  and t im e  o f  s am pl ing  
a f t e r  f e e d i n g .
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C o n t r o l
P r o p i o n i c  Acid<U-
>
C o t t o n s e e d  h u l l s
oH
u-io
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co
2t -oS'
A l f a l f a  hay
24
 N a t iv e  g r a s s  hay
0 2 4 6
Time a f t e r  f e e d i n g  (h r )
F i g u r e  3. P r o p o r t i o n  o f  p r o p i o n i c  a c i d  o f  v o l a t i l e  a c i d s  i n  t h e  rumen-
f i s t u l a t e d  a n im a ls  as  a f f e c t e d  by r a t i o n s  and t ime of  sam pl ing  
a f t e r  f e e d i n g .
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16
14
4 60 2
Time a f t e r  f e e d i n g  ( h r )
F ig u r e  4 .  P r o p o r t i o n  o f  b u t y r i c  a c i d  o f  v o l a t i l e  a c i d s  i n
th e  r u m e n - f i s t u l a t e d  a n im a l s  a s  e f f e c t e d  by r a t i o n s  
and t ime o f  s am p l in g  a f t e r  f e e d in g
e f f e c t s  were  found to  be s i g n i f i c a n t  f o r  a c e t a t e  (P<C0.01) ,  p r o p i o n a t e  
(P<C0.05) and b u t y r a t e  ( P < 0 . 0 1 )  l e v e l s  (Appendix T a b le  4 a ) .  A c e t a t e  
l e v e l s  ( F i g u r e  2) d e c r e a s e d  2 ho u rs  a f t e r  f e e d i n g  f o r  a l l  r a t i o n s  and 
c o n t i n u e d  to  do so f o r  th e  c o n t r o l  and c o t t o n s e e d  h u l l  r a t i o n s ,  w h i l e  
th e  l e v e l s  f o r  t h e  a l f a l f a  r a t i o n  and th e  n a t i v e  g r a s s  hay r a t i o n  i n ­
c r e a s e d .  S i m i l a r  l e v e l s  o f  rumen a c e t a t e  were  a l s o  found by s e v e r a l  
r e s e a r c h  w o rk e rs  (15 ,  18, 26,  27,  28,  29) when r e s t r i c t e d  roughage  was f e d .  
The v a r i a t i o n  in  th e  a c e t a t e  l e v e l s  i n  t h i s  s tu d y  may be due to  t h e  low CF 
d i g e s t i b i l i t y  f o r  r a t i o n  I I I  and t h e  f a c t  t h a t  i n  t h e  c o n t r o l  r a t i o n  th e  
c o n c e n t r a t e  and hay were  fed  s e p a r a t e l y ,  thus  a l l o w i n g  t h e  c o n c e n t r a t e  
p o r t i o n  to  be consumed b e f o r e  t h e  roughage  a l l o w a n c e .  Low l e v e l s  o f  rumen 
a c e t a t e  have  been  found to  be a s s o c i a t e d  w i t h  low m i l k  f a t  p e r  c e n t  as  
r e p o r t e d  by o t h e r  w o rk e rs  (15 ,  18,  21,  26,  27,  28, 29, 33,  34,  6 8 ) .  Th is  
may be one o f  th e  e x p l a n a t i o n s  f o r  t h e  f a i l u r e  o f  t h e  c o n t r o l  and c o t t o n s e e d  
h u l l s  r a t i o n s  to  m a i n t a i n  t h e  m i lk  f a t  p e r c e n t a g e  a f t e r  t h e  s t a n d a r d i z a t i o n  
p e r i o d .
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The c o n t r o l  and c o t t o n s e e d  h u l l  r a t i o n s  had t h e  h i g h e s t  l e v e l s  o f
rumen p r o p i o n a t e  ( F i g u r e  3) which i n c r e a s e d  a f t e r  f e e d i n g  w h i l e  t h e  p r o ­
p i o n a t e  l e v e l  d e c r e a s e d  as a f u n c t i o n  o f  t ime  f o r  t h e  a l f a l f a  and n a t i v e  
g r a s s  hay r a t i o n s .  S i m i l a r  r e s u l t s  have  been  r e p o r t e d  by Knox e t  a l . (32) 
and S t e w a r t  e t  a l . ( 6 6 ) .  The b u t y r i c  a c i d  l e v e l s  ( F ig u r e  4) rem ained  
q u i t e  c o n s t a n t  a f t e r  f e e d i n g  f o r  t h e  a l f a l f a  and n a t i v e  g r a s s  hay r a t i o n s ,  
w h i l e  t h e  b u t y r i c  a c i d  l e v e l  i n c r e a s e d  betwen 4 and 6 h r  a f t e r  f e e d i n g  
f o r  th e  c o n t r o l  and c o t t o n s e e d  h u l l  r a t i o n s .  Data  from t h i s  s tu d y  i n d i c a t e  
t h a t  t h e  rumen a c e t a t e  and p r o p i o n a t e  l e v e l s  a r e  i n f l u e n c e d  to  a g r e a t e r  
e x t e n t  by t h e  e x p e r i m e n t a l  r a t i o n s  th a n  was th e  b u t y r a t e  l e v e l .
The s t a t i s t i c a l  d e s i g n  o f  t h e  r u m e n - f i s t u l a t e d  an im a l  t r i a l  i s  
s u b j e c t  to  c r i t i c i s m  b e c a u s e  of  o n ly  one e x p e r i m e n t a l  an im al  p e r  t r e a t ­
ment.  A d e s i g n  o f  t h i s  type  has  no v a l i d  e r r o r  te rm b e ca u s e  e f f e c t s  due 
to  r a t i o n s  and an im a ls  a r e  confounded .
R a t i o n  E f f e c t s  on Milk F a t t y  Acids
The e f f e c t  o f  th e  e x p e r i m e n t a l  r a t i o n s  on th e  f a t t y  a c i d  com pos i ­
t i o n  (C-12 to  C -18 :3 )  o f  th e  m i lk  f a t  i s  g iv e n  i n  T ab le  10.  A sample  o f
th e  g a s - l i q u i d  chromatogram o f  m e thy l  e s t e r s  p r e p a r e d  from f a t t y  a c i d s  found 
i n  t h e  m i lk  f a t  i s  p r e s e n t e d  i n  F i g u r e  5. B lo ck in g  of  cows was n o t  e f f e c ­
t i v e  (P<d0.05)  i n  removing s o u r c e s  o f  v a r i a t i o n  f o r  t h e  0 1 4 : 1 ,  0 1 5 ,
0 1 6  and 0 1 8 : 1  f a t t y  a c i d s  (T ab le  1 1 ) .  S i g n i f i c a n t  r a t i o n  e f f e c t s  
(T ab le  11) were  found f o r  C - 14: 1 and 0 1 5  ( P < 0 . 0 5 ) ,  and f o r  0 1 8  and 
0 1 8 : 3  (P<C0.01) .  A lthough  s i g n i f i c a n t  d i f f e r e n c e s  were  found f o r  t h e s e  
f a t t y  a c i d s ,  no u n i fo r m  changes  were  o b s e r v e d  f o r  any o f  th e  f a t t y  a c i d s .  
Under th e  c o n d i t i o n s  o f  t h i s  s tu d y  no d e f i n i t e  t r e n d s  o r  changes  i n  f a t t y
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TABLE 10
E f f e c t  o f  E x p e r i m e n t a l  R a t i o n s  on t h e  F a t t y  Acid  C o m p o s i t io n
o f  t h e  Milk  F a t  P roduced
Carbon  Number
I
C o n t r o l
R a t i o n s  
I I  I I I  
A l f a l f a  CSH
IV
N a t i v e  G ra ss
12 7 . 23b 6 .5 1
C en ta  - 
6 .5 3 6 .1 3
14 15 .99 13.97 14 .84 14.34
14: 1 2 .7 8 2 .40 2 .21 2.27
15 2.47 2 .2 0 2 .0 9 1.89
16 2 7 .28 2 7 .2 6 2 5 .4 3 25 .28
16:1 2 .4 9 3 .2 0 2 .8 5 2 .39
17 1.09 0 .8 7 0 .8 1 0 .7 2
18 8 .6 9 10 .15 11 .42 13.84
18:1 2 6 .0 8 27.11 2 7 .54 27 .22
18:2 5 .8 8 5 .4 3 6 .3 3 5 .87
18: 3 0 . 4 6 0 .3 1 0.  10 0 .0 6
a R e l a t i v e  p e r  c e n t  o f  t h e  f a t t y  a c i d s  m e a s u re d .
^A verage  o f  5 c o l l e c t i o n  p e r i o d s  w i t h  4 a n im a l s  p e r  r a t i o n .
C-16
0 1 4 : 1
C - 1 6 : 1
0 1 7
0 1 8 : 1
0 1 8 : 2
0 1 8 : 3
G a s - L i q u i d  Chromatogram o f  m e thy l  e s t e r s  o f  f a t t y  a c i d s  i n  t h e  m i lk  f a t .
TABLE 11
S i g n i f i c a n c e  o f  V a r i a n c e  S o u rce s  f o r  t h e  F a t t y  A c ids  Found i n  t h e  Milk  F a t  
From t h e  L a c t a t i n g  Cows Fed t h e  E x p e r im e n ta l  R a t io n s
Carbon Number
V a r i a n c e  S ource d . f . 12 14 14:1 15 16 16:1 17 18 18:1 18:2 18:3
T o t a l 79
B locks 3 NS NS * * * NS NS NS * NS NS
R a t i o n s 3 NS NS * * NS NS NS *■* NS NS **
E r r o r  A 9
P e r i o d s 4 ** ** NS ** ** NS ** ** ** *
R a t io n s  x P e r i o d s 12 NS NS NS NS k NS ■* NS NS * *
E r r o r  B 48
NS - Not S i g n i f i c a n t  
* -  S i g n i f i c a n t  a t  P<T0.05. 
** - S i g n i f i c a n t  a t  P<C0.01.
O J
CO
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a c i d  c o n t e n t  were  found.  I t  i s  i n t e r e s t i n g  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  c o n c e n t r a t i o n s  o f  f a t t y  a c i d s  f o r  p e r i o d s  were  found f o r  C - I 2 ,  
C-14, C-16, C - 1 6 : 1, 0 1 8 ,  0 1 8 : 1 ,  0 1 8 : 2  ( P < 0 . 0 1 )  and f o r  0 1 4 : 1  and 
0 1 8 : 3  (F<T0.05) .  T h i s  would i n d i c a t e  t h a t  a s  l a c t a t i o n  p r o g r e s s e d  t h e r e  
were  changes  t h a t  o c c u r r e d ,  b u t  no s p e c i f i c  changes  c o u ld  be o b s e r v e d .  
V a r ious  r e s e a r c h  w o rk e rs  (29 ,  35,  51) have  been  a b l e  to  d e m o n s t r a t e  
changes  i n  t h e  f a t t y  a c i d  c o n t e n t  o f  m i lk  from cows on m i lk  f a t -  
d e p r e s s i n g  r a t i o n s ,  b u t  u n d e r  th e  c o n d i t i o n s  o f  t h i s  s tu d y  no t r e n d  was 
o b s e r v e d .
Some v a r i a t i o n s  i n  t h e  c o n c e n t r a t i o n s  o f  f a t t y  a c i d s  were  n o te d  
when compared to  r e s u l t s  i n  t h e  l i t e r a t u r e  (5 ,  29,  35, 5 1 ) .  These v a r i a ­
t i o n s  m igh t  be due to  i n s t r u m e n t a l  t e c h n i q u e s  and c o n d i t i o n s  u n d e r  which 
gas  c h ro m a to g r a p h ic  a n a l y s i s  were  c a r r i e d  o u t .  M e t h y l a t i o n  r e a g e n t s ,  
t im e  and t e m p e r a t u r e  a l s o  a f f e c t  t h e  c o m p le t io n  o f  m e thy l  e s t e r  p r e p a r a ­
t i o n  as  d e s c r i b e d  by P a t t o n  e t  a l . (5 2 ) .
Economics ( r e t u r n s  above f e e d  c o s t s )  o f  Complete  Feeds
A summary o f  t h e  p e r f o r m a n c e  o f  t h e  l a c t a t i n g  cows fed  t h e  e x p e r i ­
m e n ta l  r a t i o n s  f o r  120 days  i s  g iv e n  i n  Tab le  12,  and th e  c o s t  o f  the  
r a t i o n s  and i n g r e d i e n t s  a r e  p r e s e n t e d  i n  Appendix T ab le  5a .  Th is  s tu d y  
was i n i t i a t e d  J a n u a r y  1, 1967 and a t  t h i s  t ime t h e  c o s t  o f  c o t t o n s e e d  
h u l l s  was $ . 0468 /kg  ( $ 2 . 1 0 / 4 5 . 4  kg  o r  100.1b)  which  was r e l a t i v e l y  h ig h  
when compared to  t h e  c o s t  o f  a l f a l f a  hay ( $ . 046 8 /k g  o r  $ 2 . 1 3 / 4 5 . 4  k g ) .
I f  s t o r a g e  f a c i l i t e s  had b e en  a v a i l a b l e ,  t h e  c o s t  o f  t h e  c o t t o n s e e d  h u l l s  
r a t i o n  c o u ld  have  been  lowered  by b u y ing  a t  t h e i r  l o w e s t  p r i c e  and s t o r ­
in g  them u n t i l  needed .  The c o s t  o f  t h e  c o n t r o l ,  a l f a l f a ,  c o t t o n s e e d
40
TABLE 12
Summary o f  P e r fo rm an ce  Data  f o r  L a c t a t i n g  Animals Fed 
E x p e r im e n ta l  R a t io n s  f o r  120 Days
P e r fo rm an ce  Data  (p e r  cow)
R a t io n s
I
C o n t r o l
I I
A l f a l f a
I I I
CSH
IV
N a t i v e  G rass
Hay (k g /d ay ) 6 .8 3 6 .4 2 8 .0 3 6 .6 5
C o n c e n t r a t e  (k g /d a y ) 1 6 .98 14.98 18.73 15.53
T o t a l  f e e d  (k g /d a y ) 23 .81 23 .40 26 .76 2 2 .18
T o t a l  fe ed  ( k g /d a y ) 2 2 .54 2 2 .28 2 5 .46 21 .34
A c tu a l  m i lk  (k g /d a y ) 2 7 .19 2 8 .50 25 .44 20 .30
Milk  f a t  (%) 2 .81 2 .77 2 .76 3 .26
F.C.M. (k g /d a y ) 22 .51 23 .35 20 .85 17.49
C o n v e r s io n  o f  F .C .M , /k g  o f  feed 1 .00 1 .05 0 .8 2 0 .8 2
Feed c o s t  d a i l y  ($) 1 .78 1.47 1 .73 1 .36
Feed c o s t / k g  F.C.M. 0 .0 7 9 0 .0 6 3 0 .0 8 3 0 .0 7 8
D a i ly  r e t u r n s  above f e e d  c o s t s  ($ )^ 1 .41 1 .83 1.22 1.11
a A i r  d ry  b a s i s  (90% d ry  m a t t e r ) .
^Blend p r i c e  $ .1 4 1 5 /k g  4% F.C.M.
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h u l l  and n a t i v e  g r a s s  hay r a t i o n s  was found to  b e ,  $ . 0608 /kg  ( $ 2 . 7 6 / 4 5 . 4  
kg  o r  100 l b ) ,  $ . 0625/kg  ( $ 2 . 8 4 / 4 5  k g ) ,  $ . 064 8 /k g  ( $ 2 . 9 4 / 4 5 . 4  k g ) ,  and 
$ . 061 4 /k g  ( $ 2 . 7 9 / 4 5 . 4  k g ) ,  r e s p e c t i v e l y .  The d a i l y  f e e d  c o s t  f o r  t h e  
e x p e r i m e n t a l  r a t i o n s  w ere :  c o n t r o l  $ 1 .7 8 ,  c o t t o n s e e d  h u l l  $ 1 .7 3 ,  a l f a l f a
$ 1 .4 9 ,  and  $1 .36  f o r  t h e  n a t i v e  g r a s s  hay r a t i o n .  The c o n t r o l  r a t i o n  had 
th e  h i g h e s t  d a i l y  f e e d  c o s t ,  w h i l e  t h e  n a t i v e  g r a s s  hay r a t i o n  had t h e  
l o w e s t .  The d a i l y  r e t u r n s  above f e e d  c o s t  were  g r e a t e s t  f o r  t h e  a l f a l f a  
r a t i o n  ($ 1 ,8 3 )  and lo w e s t  f o r  t h e  n a t i v e  g r a s s  hay ($ 1 .1 1 )  w i t h  t h e  
c o n t r o l  ($ 1 .4 1 )  and c o t t o n s e e d  h u l l  ( $ 1 .2 2 )  i n t e r m e d i a t e  i n  r e t u r n s .  
S i m i l a r  r e s u l t s  were  r e p o r t e d  by L e i g h t o n  (38) when he found t h a t  th e  
d a i l y  r e t u r n s  above f e e d  c o s t  were  g r e a t e r  f o r  c o m p le te  f e e d s  a s  compared 
to  a c o n v e n t i o n a l l y - f e d  r a t i o n .
SUMMARY AND CONCLUSIONS
The o b j e c t i v e s  o f  t h i s  s t u d y  were  t o  compare t h e  e f f e c t  o f  ad 
l i b i t u m  f e e d i n g  o f  d i f f e r e n t  roughage  s o u r c e s  (30%) i n  a  c o m p le te  feed  
on th e  d i g e s t i b i l i t y ,  rumen v o l a t i l e  f a t t y  a c i d s ,  f a t t y  a c i d s  i n  t h e  
m i l k  f a t  and t h e  r e t u r n s - a b o v e - f e e d  c o s t  u s i n g  r u m e n - f i s t u l a t e d  non- 
l a c t a t i n g  and l a c t a t i n g  a n i m a l s .  The roughages  u sed  i n  t h i s  s tu d y  were:  
I -  a l f a l f a  hay ( l o n g  and fed  s e p a r a t e l y  from c o n c e n t r a t e s ) ,  I I  - 
chopped a l f a l f a  ( a p p r o x i m a t e l y  2 .5  cm l e n g t h s ) ,  I I I  -  c o t t o n s e e d  h u l l s ,  
and IV - chopped n a t i v e  g r a s s  hay ( a p p r o x i m a t e l y  2 .5  cm l e n g t h s ) .
Chemical A na lyses  o f  R a t io n s
Chemical a n a l y s e s  o f  r a t i o n s  were  v e r y  s i m i l a r  to  e s t i m a t e d  
c h e m ic a l  a n a l y s e s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  u n d e r e s t i m a t i o n  o f  the  
c ru d e  f i b e r  c o n t e n t  by M o r r i s o n ' s  T a b l e s .
E x c r e t i o n  P a t t e r n s  o f  Chromium Ion
The e x c r e t i o n  p a t t e r n s  o f  chromium io n  by f o u r  r u m e n ^ f i s t u l a t e d  
a n i m a l s  f e d  t h e  e x p e r i m e n t a l  r a t i o n s  were  d e t e r m in e d  by f e e d i n g  10 g 
chrom ic  o x id e  d a i l y  (0800) and c o l l e c t i n g  g rab  samples  e v e r y  two h r  f o r  
72 h o u r s .  The a v e r a g e  r e l a t i v e  p e r  c e n t  r e c o v e r y  r a t e s  o f  chromium 
io n  when c o l l e c t i o n  t im es  o f  0900 and 1900 were  used  were  94.4%, 102.2%, 
98.9%, and 99.7% f o r  t h e  c o n t r o l ,  a l f a l f a ,  c o t t o n s e e d  h u l l s  and n a t i v e  
g r a s s  r a t i o n s ,  r e s p e c t i v e l y .  An a v e r a g e  r e l a t i v e  p e r  c e n t  r e c o v e r y  r a t e  
o f  98.8% f o r  chromium io n  was found f o r  a l l  r a t i o n s .
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D i g e s t i b i l i t y  o f  Comple te  R a t io n s  Using  T o t a l  C o l l e c t i o n  Method
No p ro b lem  was e n c o u n t e r e d  i n  th e  consum pt ion  o f  t h e  com ple te  
r a t i o n s  by t h e  r u m e n - f i s t u l a t e d  a n i m a l s .  S i m i l a r  d a i l y  f e e d  i n t a k e s  
o c c u r r e d  f o r  t h e  c o n t r o l  and a l f a l f a  r a t i o n s  (16 .67  k g ) ,  w i t h  th e  a n im a l s  
consuming th e  most o f  t h e  c o t t o n s e e d  h u l l s  r a t i o n  (1 7 .4 2  kg)  and t h e  
l e a s t  on  th e  n a t i v e  g r a s s  hay r a t i o n  (1 1 .1 4  k g ) .  On a g r o s s  energy  
b a s i s  t h e  e x p e r i m e n t a l  r a t i o n s  were  s i m i l a r  ( 4 .0 6  - 4 . 2 5  T h e rm s /k g ) ,  
b u t  c o n s i d e r a b l e  d i f f e r e n c e  e x i s t e d  on a  d i g e s t i b l e  en e rg y  i n t a k e  
(2 9 .2 4  - 4 9 .7 0  Therms d a i l y ) .  The c a l c u l a t e d  TDN o v e r - e s t i m a t e d  t h e  
a c t u a l  TDN on a l l  r a t i o n s ,  w i t h  t h e  g r e a t e s t  o v e r - e s t i m a t i o n  o c c u r r i n g  
on t h e  n a t i v e  g r a s s  hay  r a t i o n .
D i g e s t i b i l i t y  Using I n d i c a t o r  Method
The d i g e s t i b i l i t y  o f  t h e  e x p e r i m e n t a l  r a t i o n s  fed  to  th e  s i x t e e n  
l a c t a t i n g  d a i r y  a n im a ls  was d e t e r m in e d  by t h e  u se  o f  t h e  chromic  o x id e  
i n d i c a t o r  method. The a v e r a g e  d a i l y  f e e d  i n t a k e  d u r i n g  th e  d i g e s t i b i l i t y  
t r i a l  by t h e  e x p e r i m e n t a l  a n im a ls  on t h e  c o n t r o l ,  a l f a l f a ,  c o t t o n s e e d  
h u l l s ,  and n a t i v e  g r a s s  hay r a t i o n s  was 22.2 kg ,  23 .7  kg ,  26 .2  kg ,  and
2 3 .5  k& r e s p e c t i v e l y .  The d i g e s t i b l e  en e rg y  i n t a k e s  were  found to  be
6 7 .6  Therms f o r  t h e  c o n t r o l  r a t i o n ,  6 9 .9  Therms f o r  t h e  a l f a l f a  r a t i o n ,  
6 8 .5  Therms f o r  t h e  c o t t o n s e e d  h u l l s  r a t i o n  and 5 9 .2  Therms f o r  t h e  
n a t i v e  g r a s s  hay r a t i o n .  The d i g e s t i b l e  ene rgy  and TDN c o e f f i c i e n t s  
d e t e r m i n e d  w i t h  t h e  r u m e n - f i s t u l a t e d  a n im a l s  ( t o t a l  c o l l e c t i o n )  o v e r ­
e s t i m a t e d  t h o s e  d e t e r m i n e d  w i t h  t h e  l a c t a t i n g  a n im a ls  ( i n d i c a t o r  m e th o d ) ,  
w i t h  t h e  l a r g e s t  d i f f e r e n c e  o c c u r r i n g  i n  t h e  e s t i m a t i o n  o f  TDN by the  
d i f f e r e n t  methods .  Th is  would i n d i c a t e  t h a t  d i g e s t i b l e  e n e rg y  p r o v i d e s
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a more a c c u r a t e  e s t i m a t e  o f  t h e  n u t r i t i v e  v a l u e  o f  a  r a t i o n  and some 
e r r o r  w i l l  o c c u r  i f  d i g e s t i b i l i t y  c o e f f i c i e n t s  o b t a i n e d  w i t h  non- 
l a c t a t i n g  a n im a ls  a r e  a p p l i e d  to  l a c t a t i n g  a n i m a l s .
TDN R equ i rem en ts  f o r  P r o d u c t i o n
The TDN r e q u i r e m e n t s  f o r  d i f f e r e n t  l e v e l s  o f  p r o d u c t i o n  were  
d e t e r m i n e d  by d i v i d i n g  t h e  d a i l y  kg o f  TDN consumed by t h e  a v e r a g e  d a i l y  
kg o f  FCM p ro d u c e d  on a  p e r i o d  b a s i s .  The a n im a l s  were  t h e n  grouped  
a c c o r d i n g  to  d i f f e r e n t  l e v e l s  o f  p r o d u c t i o n  and t h e i r  a v e r a g e  r e q u i r e ­
ment d e t e r m i n e d .  Under t h e  c o n d i t i o n s  o f  t h i s  s t u d y  th e  l a c t a t i n g  
a n im a l s  consumed i n  e x c e s s  o f  t h e i r  r e q u i r e m e n t s  f o r  p r o d u c t i o n  and 
m a in t e n a n c e ,  p r o v i d i n g  M o r r i s o n ' s  T a b le s  a r e  a n  a c c u r a t e  e s t i m a t e  o f  
t h e i r  r e q u i r e m e n t s .  When th e  l a c t a t i n g  a n im a ls  i n  t h i s  s t u d y  were  fed  
c o m p le te  r a t i o n s  ad l i b i t u m ,  th e  most e f f i c i e n t  p r o d u c e r s  were  found t o  
be t h o s e  p r o d u c i n g  a t  th e  h i g h e r  l e v e l s  o f  p r o d u c t i o n .  The a v e r a g e  TDN 
r e q u i r e m e n t s  f o r  t h e  c o n t r o l  r a t i o n  were  t h e  l o w e s t ,  ( 0 .3 8  k g /k g  FCM), 
t h e  c o n t r o l  r a t i o n  0 .4 1  k g /k g  FCM, t h e  n a t i v e  g r a s s  hay r a t i o n  0 .4 4  k g /k g  
FCM, and t h e  c o t t o n s e e d  h u l l s  r a t i o n  t h e  h i g h e s t ,  0 .5 1  k g /k g  FCM.
R a t i o n  E f f e c t s  on Rumen VFA
The e f f e c t s  o f  t h e  e x p e r i m e n t a l  r a t i o n s  on th e  rumen v o l a t i l e  
f a t t y  a c i d s  and t h e i r  l e v e l  a s  a  f u n c t i o n  o f  t im e  were  d e t e r m in e d  by use  
o f  t h e  r u m e n - f i s t u l a t e d  a n i m a l s .  Rumen f l u i d  sam ples  were  c o l l e c t e d  a t  
0 ,  2,  4 and  6 h o u r s  a f t e r  f e e d i n g  f o r  t h r e e  c o n s e c u t i v e  d a y s .  The o n ly  
s i g n i f i c a r  e f f e c t  o f  t h e  e x p e r i m e n t a l  r a t i o n s  a s  a  f u n c t i o n  o f  t ime 
a f t e r  f e e d i n g  was on  th e  a c e t a t e  l e v e l  (P<C0.01) .  A c e t a t e  l e v e l s
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d e c r e a s e d  2 h o u r s  a f t e r  f e e d i n g  f o r  a l l  r a t i o n s  and  c o n t i n u e d  to  do so 
f o r  t h e  c o n t r o l  and c o t t o n s e e d  h u l l s  r a t i o n s ,  w h i l e  t h e  a c e t a t e  l e v e l s  
f o r  t h e  a l f a l f a  r a t i o n  and n a t i v e  g r a s s  hay r a t i o n  i n c r e a s e d .  S i g n i f i ­
c a n t  e f f e c t s  be tw een  t h e  l e v e l s  o f  a c e t a t e  ( P < ; 0 . 0 1 ) ,  p r o p i o n a t e  (P<C0.05) 
and b u t y r a t e  ( F < D . 0 1 )  were  found i n  th e  r u m e n - f i s t u l a t e d  a n im a ls  fed  th e  
e x p e r i m e n t a l  r a t i o n s .  Low l e v e l s  o f  a c e t a t e  and h ig h  l e v e l s  o f  p r o ­
p i o n a t e  were  found i n  t h e  r u m e n - f i s t u l a t e d  n o n - l a c t a t i n g  a n im a ls  on th e  
c o n t r o l . a n d  c o t t o n s e e d  h u l l s  r a t i o n s  which would i n d i c a t e  t h a t  t h i s  
m igh t  be a p r e d i s p o s i n g  f a c t o r  t o  low m i l k  f a t  p e r c e n t a g e .  L a c t a t i n g  
a n im a ls  fed  t h e  c o n t r o l  and c o t t o n s e e d  h u l l s  r a t i o n s  p ro d u c e d  m i lk  w i th  
a low er  m i lk  f a t  p e r c e n t a g e  th a n  t h e  l a c t a t i n g  a n im a l s  on t h e  a l f a l f a  
and n a t i v e  g r a s s  hay r a t i o n s .
R a t i o n  E f f e c t s  on Milk  F a t t y  Acids
A n a l y s i s  o f  v a r i a n c e  o f  t h e  l e v e l s  o f  m i lk  f a t t y  a c i d s  i n d i c a t e d  
some s i g n i f i c a n t  e f f e c t s  had o c c u r r e d  due t o  r a t i o n s  and p e r i o d s ,  b u t  
no u n i fo r m  t r e n d s  c o u ld  be d i s c e r n e d .  The d i f f e r e n c e s  t h a t  o c c u r r e d  
be tw een  p e r i o d s  would s u g g e s t  t h a t  f u r t h e r  work n eed s  to  be done to 
e s t a b l i s h  th e  e f f e c t  o f  s t a g e  o f  l a c t a t i o n  and t h e  p o s i t i o n  o f  a t t a c h ­
ment o f  t h e  f a t t y  a c i d s  to  t h e  g l y c e r i d e  r a d i c a l .
R e tu rn s  Above Feed C o s t s
The d a i l y  r e t u r n s  above fe e d  c o s t  were  found to  be g r e a t e s t  f o r  
t h e  a l f a l f a  c o m p le te  f e e d  ($ 1 .8 3 )  and  s m a l l e s t  f o r  t h e  n a t i v e  g r a s s  hay 
r a t i o n  ( $ 1 . 1 1 ) ,  w i t h  t h e  c o n t r o l  ($ 1 .4 1 )  and c o t t o n s e e d  h u l l s  r a t i o n  ($ 1 .2 2 )  
i n t e r m e d i a t e  i n  r e t u r n s .  D a i ly  f e e d  c o s t  were  h i g h e s t  f o r  t h e  c o n t r o l  
( $ 1 .7 8 )  and c o t t o n s e e d  h u l l s  r a t i o n  ( $ 1 . 7 3 ) ,  and lo w e s t  f o r  t h e  a l f a l f a  
($ 1 .4 6 )  and n a t i v e  g r a s s  hay r a t i o n s  ( $ 1 . 3 6 ) .
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TABLE la
Chemical Analyses  o f  I n g r e d i e n t s  Used i n  E x p e r im en ta l  R a t io n s
I n g r e d i e n t s 3
Crude
P r o t e i n
Crude
F i b e r
E t h e r
E x t r a c t NFE Ash M o is tu r e DM
P e r  Cent - •
A l f a l f a  hay 13.30 28.30 3.10 34.40 7.70 13.20 86. 8
C o t to n s e e d  h u l l s 3 .40 38.70 0 .9 0 4 2 .2 0 2 .40 12.40 87. 6
N a t iv e  g r a s s  hay 7.00 31 .90 2 .00 4 2 .9 0 7 .00 9 .20 90. 8
C o n c e n t r a t e  ( c o n t r o l ) 16.11 7 .78 2 .25 57.59 5 .82 15.40 84. 6
Corn 8 .90 1.90 3 .90 70.40 1 .10 13.80 86. 2
Soybean o i l  meal 44 .60 10.00 2 .60 27.20 6 .30 9 .30 90. 7
C o t to n s e e d  meal 39.40 7.40 6 .70 33.20 7 .20 6 .10 93. 9
Molasses 3 .50 - - - - 70 .30 6 .20 20.00 80. 0
aAverage o f  10 chem ica l  a n a l y s e s .
U "i
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TABLE 2a
R e l a t i v e  P e r  Cent R ecovery  o f  Chromium I o n  from R u m e n - F i s t u l a t e d  
Anim als  Fed E x p e r i m e n t a l  R a t i o n s
R a t i o n s
Time
I
C o n t r o l
I I
A l f a l f a
I I I
CSH
IV
N a t i v e  G rass
0100 78.1 7 7 .0
- P e r  Cent - - 
7 5 .8 103.4
0300 8 1 .4 8 2 .9 9 2 .6 118 .2
0500 8 4 .6 9 4 .8 101 .0 9 6 .0
0700 9 3 .1 103 .5 126 .3 9 2 .3
0900 104.2 11 2 .6 113 .6 99 .7
1100 113 .9 118 .5 122.1 8 1 .2
1300 117 .2 118 .5 109 .4 103.4
1500 1 2 7 .0 1 0 9 .6 101.0 110 .8
1700 110. 7 103.7 117 .8 114.5
1900 8 4 .6 9 1 .8 84 .2 99 .7
2100 97.7 9 4 .8 75 .8 9 6 .0
2300 107 .4 9 1 .8 8 0 .0 8 4 .9
0900
and 9 4 .4 102.2 9 8 .9 99 .7
1900 Av
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TABLE 3a
Summary o f  VFA Found i n  t h e  R u m e n - F i s t u l a t e d  Animals  
a t  V a r io u s  Time I n t e r v a l s
R a t i o n  Hr C2
0 4 7 . 5
2 4 5 . 3
4 4 5 . 3
6 4 3 .4
Average 4 5 . 4
0 5 5 .0
2 5 3 .9
4 5 4 .4
6 5 5 .6
Average 54 .7
0 5 0 .0
2 4 7 . 5
4 4 4 .7
6 4 1 .2
Average 4 5 .9
0 5 6 .4
2 5 4 .9
4 5 5 .1
6 5 6 .9
Average 5 5 .8
Carbon Number 
c 3 C4 C-2/C-3"
- P e r  Cent  - -
3 7 .2 1 5 .3 1 .3
3 8 .8 16 .0 1 .2
3 8 .9 1 5 .8 1 .2
3 8 .6 18 .0 1 .1
3 8 .4 16 .3 1 .2
2 5 .3 19.7 2 .2
2 6 .0 2 0 .0 2 .1
25 .9 19 .7 2 .1
2 5 .0 19.4 2 .2
2 5 .6 19.7 2 .2
3 0 .1 19 .9 1 .6
3 1 .5 2 1 .0 1 .5
3 1 .1 2 4 .2 1 .4
3 4 .3 2 4 .5 1 .2
3 1 .8 2 2 .4 1 .4
2 3 .4 2 0 .2 2 .4
2 4 .5 2 0 .6 2 .7
2 3 .4 2 1 .5 2 .4
23 .1 20 .1 2 .5
2 3 .6 2 0 .6 2 .5
Average  3 c h e m ic a l  a n a l y s e s .
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TABLE 4a
Mean S q u a re s  o f  A n a ly s e s  o f  V a r i a n c e  f o r  VFA C o l l e c t e d  from Rumen- 
F i s t u l a t e d  Animals  Fed E x p e r i m e n t a l  R a t io n s
V a r i a n c e  Source d . f . C-2 C-3 C-4
R a t i o n s 3 377 ,55** 535 .88** 78 .82**
E r r o r  A 8 3 ,1 3 7 .56 5 .80
Time 3 19 .57** 3 .9 8 7 .64
Time x r a t i o n 9 14 .09** 3 .21 4 .6 0
E r r o r  B 24 3 .5 1 4 .7 4 4 .5 0
’’' S i g n i f i c a n t  a t  P c 0 . 0 5 .  
* * S i g n i f l e a n t  a t  F C 0 . 0 1 .
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TABLE 5a
C o s t  o f  I n g r e d i e n t s  Used i n  E x p e r im e n ta l  R a t io n s
I n g r e d i e n t JS£_ 4 5 - 4 k g (100 lb )
S h e l l e d  c o r n  (#2)
Urea  (42%)
Soybean o i l  meal  (SBOM) 
C o t t o n s e e d  meal  (44%, CSM) 
M o la s se s
Steamed bonemeal 
S a l t
A l f a l f a  hay 
C o t t o n s e e d  h u l l s  (CSH)
N a t i v e  g r a s s  hay (NGH) 
Chopping c o s t s
C o n t r o l  r a t i o n  ( I )
A l f a l f a  c o m p le te  r a t i o n  ( I I )  
CSH c o m p le te  r a t i o n  ( I I I )
NGH c o m p le te  r a t i o n  (IV)
0649
.1084
.1155
.1056
.0226
.1265
,0284
.0468
,0462
,0275
,0062
.0608
,0625
.0648
,0614
<$)
2 .9 5
4 . 9 3
5 .2 5  
4 . 8 0 -  
1 .0 3
5 .7 5  
1 .29  
2 .1 3  
2 . 10
1 .2 5  
0 .2 8
2 .7 6  
2 .8 4
2 .9 4  
2 .79
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